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ALPHA, a 

ALPHA SECTOR 

CFX, Cf 
x 

CLD 

CONFIG 
CONFIGURATION 

C.R. 

DATA TYPE 

DEL, 

DEL* 

DEL** 

DEW, DEW PT. 

DITTD 

r . , 

DITTL 

DRUCK 2 

• : 

ERMSR 

. -"  • 

" q 4  • : . . .  J 

NOMENCLATURE 

Angle  o f  a t t a c k ,  deg 

P i t c h  ang l e  o f  t h e  t u n n e l  s e c t o r ,  p o s i t i v e  nose  
ups deg 

Sk in  f r i c t i o n  c o e f f i c i e n t ,  [TAUX/Q] 

Survey s t a t i o n  l o c a t i o n ,  i n c h e s  

Model c o n f i g u r a t i o n  d e s i g n a t i o n  

C e n t e r  o f  r o t a t i o n ,  a x i a l  s t a t i o n  a l o n g  the  
t u n n e l  c e n t e r l i n e  abou t  which t h e  model  
r o t a t e s ,  i n c h e s  

Code indicating nature of data tabulated: 

SURFACE HEAT TRANSFER - Cold wall model surface 
heat-transfer measurements 

"2" - Model surface pressure measurements 

"4" - ~ean boundary-layer profile measurements 
using pitot pressure and total temperature 
probes 

"6" - Total temperature probe calibration data 

Boundary-layer total thickness, in. 

Boundary-layer displacement thickness, in. 

Boundary-layer momentum thickness, in. 

Free-stream flow frost point, °F 

Enthalpy difference at boundary-layer thickness, 
DEL, ITTD-ITWL, B tu / Ibm 

Loca l  e n t h a l p y ,  d i f f e r e n c e , . I T T L - I T W L ~  B t u / l b m  

Backup p i t o t ' p r o b e  m e a s u r e m e n t ,  p s i a  

-" Anemometer o u t p u t  rms v o l t a g e  f o r  t h e  l a s t  p o i n t  
s u r v e y ,  my rms 

R a t i o  o f  anemometer  o u t p u t  (ERMS t o  ERMS o f  
' ~ ' ~ l a s t  l oop  o f  o u t p u t )  . . . . . . .  

• ...._:. ~-. . . _ , : ~ . ~ . , .  .~. , • . . . . . .  
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ETA 

C 

H(TT) 

ITT 

ITTD 

ITTL 

ITW 

ITWL 

k 

K 

LOOP 

L ~  

L~D 
. . 

LRETA 

. t  

• LRETD 

" [L.-. " 

M, MACH, 

M A  

E f f e c t i v e  t o t a l - t e m p e r a t u r e  probe r ecovery  f a c t o r  

For c a l i b r a t i o n  da ta :  ETA=(TTLU-T)/(TT-T) 

i 

For survey da ta :  ETA = ~  A i ( 

where the values of A i were determined 
for each thermocouple probe. (See Section 3.3.4 
for coefficient values used for this test). 

Preston tube data reduction parameter 

Heat-t~ansfer coefficient based on TT, QDOT/(TT-TW), 
Btu/ft~-sec-°R 

Enthalpy based on TT, Btu/Ibm 

Enthalpy based on TTD, Btu/lbm 

Enthalpy based ou TTL, Btu/Ibm 

Enthalpy based on TW, Btu/lbm 

Enthalpy based on TWL, Btu/lbm 

Height or t h i c k n e s s  of boundary l aye r  t r i p  
above model s u r f a c e ,  inches  

C o e f f i c i e n t s  de f ined  by the p res su re  s t a b i l i z a t i o n  
r o u t i n e  for  p i t o t  p r e s s u r e s ;  the e q u i l i b r i u m  
pressure routine was applied if 0.01 < K < 3 

Data point number 

Local unit Reynolds number, in. -I 

Unit Reynolds numbe~lat the boundary-layer 
thickness, DEL, in. 

Local "normal shock" ~it Reynolds number 
(based on MUTTL), in° 

"Normal shock" unit Re~nolds number at ZA 
(based on MUTTL), in.-" 

~Hormal shock" unit Reynolds number at 
boundary - l aye r  t h i c k n e s s ,  DEL (based on 
MUTTD), in.-" 

.Free-stream Mach number 

Mach number interpolated to the anemometer 1ocatlon 

3 



.MD 

ME 
ML 

MODEL ROLL, ROLL 

MT 

MU 

MUTD 

MUTL 

MUTT 

MUTTD 

MUTTL 

P 

PHI, 

POINT 

PP 

PPD 

PPE 

PPF 

PPR 

PPRES 

PPI 

PT 

PTP 

Local Mac~ number at boundary-layer thickness, 
DEL, in,-" • 

Mach number at last point in the survey 
Local Mach number 

Roll angle,deg 

Equivalent Mach number corresponding to pitot 
pressure  r a t i o ;  c o m p r e s s i b i l i t y  parameter 

Dynamic v i s c o s i t y  based on T, l b f - s e c / f t  2 

Dynamic v i s c o s i t y  based on TD, I b f - s e c / f t  2 

Dynamic v i s c o s i t y  based on TL, l b f - s e c / f t  2 

Dynamic v i s c o s i t y  based on TT, I b f - s e c / f t  2 

Dynamic v i s c o s i t y  based on TTD, I b f - s e c / f t  2 

Dynamic v i s c o s i t y  based on TTL, l b f - s e c / f t  2 

Free-s t ream static pressure ,  ps ia  

Roll angle, deg 

Data poin t  number 

Probe p i t o t  p re s su re ,  ps ia  

P i t o t  pressure  at  boundary- layer  t h i c k n e s s ,  
DEL, psia 

Pitot pressure the last point in the survey, psia 

Final transducer pressure measurement for the 
p i t o t  probe, ps ia  

Standard d e v i a t i o u  of  the p re s su re - t ime  h i s t o r y  
curve f i t  used to compute the equ i l i b r ium 
pressure  for the p i t o t  probe; value de f ined  as 
zero i f  equ i l ib r lum pressure  eva lua t i on  r o u t i n e  
was not used, p s i .  

Pres ton tube p ressu re ,  ps ia  

F i r s t  t ransducer  pressure  measurement for  the  
p i t o t  probe, ps ia  

Tunnel s t i l l i n g  chamber p ressu re ,  ps ia  

Transformed Pres ton tube c o m p r e s s i b i l l t y  parameter 
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PT2 

PW 

PWL 

F r e e - s t r e a m  total p r e s s u r e  downstream of  a 
normal shock wave, p s i a  

Model su r f ace  p r e s s u r e ,  p s i a  

Model wal l  s t a t i c  p r e s s u r e  used fo r  boundary-  
l aye r  survey ,  p s i a  

q 

QDOT, 

REpRE/IN, 

S~/FT 

RETD 

RHO 

RHOD 

RHOL 

RHOUD 

RN~ RADIUS 

RUN 

Free-stream dynamic pressure, psia 

Heat-transfer rate, Btu/ft2-sec 

Free-stream unit Reynolds number, in. -l 

Free-stream unit Reynolds number, ft -l 
i 

Local "normal shock" Reynolds number based on 
total temperature probe reference dimension 
and viscosity of MUTTL 

Free-stream density, Ibm/ft 3 

Density at boundary-layer thickness, DEL, Ibm/ft 3 

Local density, Ibm/ft 3 

(RHOD) X (UD)~ Ibm/sec-ft 2 

Model nose radiust in. 

Data set identification number 

RT 

S 

SD PW 

SD TW 

ST(TT) 

C a l i b r a t i o n  parameter  fo r  P r e s t o n  tube r e d u c t i o n  

Curvilinear surface distance from model 
s t a g n a t i o n  p o i n t t  in. 

Model wal l  p r e s s u r e  s t anda rd  d e v i a t i o n  

Model w a l l t e m p e r a t u r e  s t anda rd  d e v i a t i o n  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Stan ton  number based on s t i l l i n g  chamber 
t empera tu re  (TT), 

STC(TT) 

T 

ST(TT) = -- QDOT 
(RHO)(V)(ITT-ITW) . . . . . . . .  

Cor rec t ed  S tan ton  number ( see  S e c t i o n  3 . 3 . 2  o f  
t e x t )  

Free-stream s t a t i c  temperature~ °R 

Thickness  of  t r i p  band, i n .  

I 
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TAP 

TAUX,~ x 

T/C 

TD 

TDRK 

THETA, 0 

TL 

TLAC 

TREC 

TRIP 

TT 

TTA 

TTD 

TTE 

TTL 

TTLU 

TTTUpTTUT 

. TWL 

UD 

UE 

P r e s s u r e  o r i f i c e  i d e n t i f i c a t i o n  number 

Wall s h e a r  s t r e s s ;  s h e a r  m a g n i t u d e  i n  l a t e r a l  
d i r e c t i o n ,  I b / f t  2 

Thermocouple  i d e n t i f i c a t i o n  number 

S t a t i c  t e m p e r a t u r e  a t  b o u n d a r y - l a y e r  t h i c k n e s s ,  °R 

Tem pera tu r e  o f  Druck t r a n s d u c e r ,  °F 

P e r i p h e r a l  a n g l e  on t he  model  measured  from r ay  
on model  t o p ,  p o s i t i v e  c l o c k w i s e  when l o o k i n g  
u p s t r e a m ,  deg 

Local  s t a t i c  t e m p e r a t u r e ,  °R 

E s t i m a t e d  l a g  t ime  ( t i m e  r e q u i r e d  f o r  p i t ~ t  
p r e s s u r e  to  s t a b i l i z e  w i t h i n  I p e r c e n t  o f  

" e q u i l i b r i u m  v a l u e ,  r e f e r e n c e d  to  t ime when 
d a t a  r e c o r d  b e g a n ) ,  sec  

Data r e c o r d  l e n g t h s  sec" 

I n d i c a t e  f o r  t y p e / s i z e  t r i p  used  on s p e c i f i c  
d a t a  runs  

Tunne l  s t i l l i n g  chamber t e m p e r a t u r e ,  °R 

T o t a l  t e m p e r a t u r e  i n t e r p o l a t e d  to  t h e  anemometer  
l o c a t i o n ,  °R 

T o t a l  t e m p e r a t u r e  a t  t h e  bounda ry  l a y e r  t h i c k n e s s ,  
DEL,'OR 

T o t a l  t e m p e r a t u r e  a t  l a s t  p o i n t  i n  t h e  s u r v e y ,  *R 

Loca l  t o t a l  t e m p e r a t u r e ,  *R 

U n c o r r e c t e d  (measu red )  probe  t o t a l  t e m p e r a t u r e ,  
i n t e r p o l a t e d  a t  ZP, °R 

U n c o r r e c t e d  (measu red )  p robe  r e c o v e r y  t e m p e r a t u r e  
i n  f r e e  s t r e a m ,  °R: 

Coax gage  s u r f a c e  t e m p e r a t u r e ,  °R 

Model wa l l  t e m p e r a t u r e  used  f o r  b o u n d a r y - l a y e r  
s u r v e y ,  °R 

Local  v e l o c i t y  component  p a r a l l e l  t o  model  s u r f a c e  
a t  ~ o u n d a r y - l a y e r  t h i c k n e s s ,  DEL, f t / s e c  

: L o c a l  v e l o c i t y  component  p a r a l l e l  t o  model  s u r f a c e  
a t  l a s t  p o i n t  in  t he  s u r v e y ,  f t / s e c  
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UL 

V 

W 

X 

X 

XSTA " 

ZA 

ZP 

ZT 

O,Or 

Ot 

Local ve loc i t y  component p a r a l l e l  to model surface,  
f t / s ec  

Free-stream velocity, ft/sec 

Distance between successive rows of trip elements on 
multiple row trip rings, inches 

Axial location measured from virtual apex of 
7-deg cone model, in. 

Axial distance measured from trip location (x/k),in. 

Survey station, along x-axis,inches 

Anemometer probe height, distance to probe 
centerline along normal to. model surface, in, 

Pi to t -p ressure  probe height ,  d is tance  to probe 
centerline along normal to model surface, in. 

Total-temperature .probe height, distance to probe 
cen t e r l i ne  along normal to model surface,  in .  

Angle between successive teeth or balls on the 
trips, degs (360/# of teeth) 

Angle across a tooth of the serrated trips, deg :(for 
these trips,8 t= 90 degs) I 

? 
°. 
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1o0 INTRODUCTION 

The work reported herein was performed by the Arnold Engineering 
Development Center (AEDC), Air Force Systems Command (AFSC) under 
Program Element 65807F, Control Number 9R02, at the request of AEDC 
Directorate of Technology (DOT). The AEDC/DOT project manager was R. H. 
Nichols. The results were obtained by Calspan Field Services, Inc./AEDC 
Division, operating contractor for the Aerospace Flight Dynamics testing 
effort at the AEDC, AFSC, Arnold Air Force Station, Tennesse. The test 
was performed in the yon Karman Gas Dynamics Facility (VKF), in the 
Hypersonic Wind Tunnel (B) on September I and September 6, 1983, under 
the AEDC Project Number C868VA (Calspan Project Number V--A-2S). 

The Boundary Layer  Tr ip  Pe r fo rmance  Study was p e r f o r m e d  to  p rov ide  
some of  the  e x p e r i m e n t a l  d a t a  in  suppor t  o f  AEDC Research  Program DAI2VW 
(V32C-AD), Aerodynamic  T e s t i n g  Techn iques ,  Work Phase I I ,  Boundary Layer  
Simulation Criteria, 

The objectives of the study were: (I) to characterize the 
disturbance produced by a typical trip on an attached laminar boundary 
layer in a supersonic stream; (2) to define the distance aft of the 

trip location before the boundary layer profile reverts to the classic 
turbulent flow profile; (3) to locate the end of fully laminar flow and 
the onset of the turbulent boundary layer flow, and to define the shift 
in these locations caused by changing trip geometry or size; and (4) to 
determine the suitability of a variety of different techniques to 
measure these objectiCes. 

A sharp nose seven-degree cone model was tested at Mach number 8 
flow conditions at free-stream unit Reynolds numbers of 1.3- and 2.6- 
million per  foot. and at zero angle of attack. 

A summary of the  t e s t  d a t a  t r a n s m i t t e d  to  the  sponsor  and u s e r  i s  
p r e s e n t e d  i n  T a b l e  1. I n q u i r i e s  t o  o b t a i n  c o p i e s  o f  t h e  t e s t  d a t a  
should be directed to AEDC/DOT, Arnold AFS, TN 37388. A microfilm 
record has been retained by AEDC/VKF. 

2.0 APPARATUS 

2.1 TEST FACILITY 

Tunnel  B (Fig.  I) i s  a c l o s e d  c i r c u i t  h y p e r s o n i c  wind t u n n e l  w i t h  a 
5 0 - i n . - d i a m  t e s t  s e c t i o n .  Two a x i s y m m e t r i c  c o n t o u r e d  n o z z l e s  a r e  
a v a i l a b l e  t o  p r o v i d e  Mach n u m b e r s  o f  6 and 8 and t h e  t u n n e l  may be 
o p e r a t e d  c o n t i n u o u s l y  over  a range  o f  p r e s s u r e  l e v e l s  f rom 20 to  300 
p s i a  a t  Mach number 6, and 50 to  900 p s i a  a t  Math number 8, w i t h  a i r  
s u p p l i e d  by the  VKF main c ompres so r  p l a n t .  S t a g n a t i o n  t e m p e r a t u r e s  
s u f f i c i e n t  to  avo id  a i r  l i q u e f a c t i o n  in  the  t e s t  s e c t i o n  (up to  1350°R) 
a r e  o b t a i n e d  th rough  the  use o f  a n a t u r a l  gas f i r e d  combus t ion  h e a t e r .  
The e n t i r e  t u n n e l  ( t h r o a t ,  n o z z l e ,  t e s t  s e c t i o n ,  and d i f f u s e r )  i s  
coo l ed  by i n t e g r a l ,  e x t e r n a l  w a t e r  j a c k e t s .  The t u n n e l  i s  equipped w i t h  
a model i n j e c t i o n  sys t em,  which a l l o w s  removal  of  the  model  from the  
t e s t  s e c t i o n  w h i l e  the t u n n e l  r e m a i n s  in  o p e r a t i o n .  A d e s c r i p t i o n  o f  
the  t u n n e l  may be found in  the  Tes t  F a c i l i t i e s  Handbook (Ref.  I ) .  
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2.2 TEST ARTICLE 

A s h a r p - n o s e d  c o n f i g u r a t i o n  o f  t h e  Lubard model ( f a b r i c a t e d  s e v e r a l  
y e a r s  ago a t  AEDC) was used f o r  t h i s  i n v e s t i g a t i o n .  The model was a 7- 
deg h a l f - a n g l e  cone wi th  a v i r t u a l  l e n g t h  o f  40.0 in .  and 9 .823- in .  base  
d i a m e t e r  f e a t u r i n g  the  b a s i c  sharp  nose  (RN = 0.0015 i n . ) .  

The m o d e l  was i n s t r u m e n t e d  w i t h  p r e s s u r e  o r i f i c e s  and c o a x i a l  
surface thermocouple gages. Table 2 lists the instrumentation locations 
and indicates that the top centerline (8 = 0) of the model was the main 
ray of pressure instrumentation and the bottom centerline (8 = 180 deE) 
was the only ray instrumented with coax gages. Pressure orifices were 
also installed on the % = 180- and 270-deg rays at three additional 
axial stations. Two Preston tubes were mounted 1.5 inches forward of 
the model base, one at % = +135 deg and one at 8 = +225 deg. These 
tubes had an outside diameter of 0.022 in. and an inside diameter of 
0.010 i n .  

A sketch of the model geometry and gage locations is given in Fig. 
2. A model i n s t a l l a t i o n  photograph  i s  shown in  F i g .  3. 

Boundary l a y e r  t r i p s  o f  v a r i o u s  g e o m e t r i e s  were  mounted a t  model 
s t a t i o n  12 (x = 12 a x i a l  i n c h e s  m e a s u r e d , f r o m  t h e  m o d e l  n o s e t i p )  to  
i n v e s t i g a t e  the  e f f e c t  on the  t u r b u l e n t  boundary  l a y e r  c o n d i t i o n s  on the  
model. Six different trip configurations were tested, including single 
and multiple rows of spherical balls, serrated bands, and a basic ring. 
Table 3 gives trip configurations and respective geometries. A 
photograph and sketch of the various trips are shown in Figs. 4 and 5, 
respectively. 

2.3 FLOW-FIELD SURVEY MECHANISM 

S u r v e y s  o f  t h e  f i o w  f i e l d  w e r e  made u s i n g  a r e t r a c t a b l e  s u r v e y  
s y s t e m  (X-Z Survey Mechanism) d e s i g n e d  and f a b r i c a t e d  a t  AEDC. This  
mechanism makes i t  p o s s l b l e  to c h a n g e . s u r v e y  probes  w h i l e  the  t u n n e l  
remains in operation, The mechanism is housed in an air lock 
immediately above a port in the top of the Tunnel B test section. 
Access to the test section is through a 40-in.-long by 4-in.-wide 
opening which can be sealed by a pneumatically operated door when the 
mechanism is retracted. Separate drive motors are provided to (i) 
insert the mechanism into the test section or retract it into the 
h o u s i n g ,  (2) p o s i t i o n  the  mechanism a t  any d e s i r e d  a x i a l  s t a t i o n  over  a 
r a n g e  o f  35 i n . ,  and (3)  s u r v e y  a f l o w  f i e l d  o f  a p p r o x i m a t e l y  1 0 - i n .  
d e p t h .  A p n e u m a t i c a l l y  o p e r a t e d  s h i e l d  was p r o v i d e d  t o  p r o t e c t  t h e  
p r o b e s  d u r i n g  i n j e c t i o n  and r e t r a c t i o n  t h r o u g h  t h e  t u n n e l  b o u n d a r y  
l a y e r ,  d u r i n g  changes  in  t u n n e l  c o n d i t i o n s ,  and a t  t i m e s  when the  probes  
were  not  in  use .  A photograph  of  the  mechanism i s  shown in  Fig,  6° 

2.4 FLOW-FIELD PROBES 

The p i t o t  p r e s s u r e  p r o b e  was made f r o m  an O . 0 1 0 - i n .  O.D. (0 .005 
I .D.)  t u b e ,  as  shown in  F i g .  7a. The t u b e  s e c t i o n  a d j a c e n t  t o  t h e  
o r i f i c e  was ben t  to a l i g n  the  probe p a r a l l e l  to  the  model s u r f a c e  f o r  
t h e  s u r v e y s .  



The unshlelded total temperature probe was fabricated from a length 
of sheathed thermocouple wire (0.020-in. O.D.) with two O.004-in. 
diameter wires. The wires were bared for a length of about 0.015 in. 
and a thermocouple junction of approximately 0.005-in.- diam, was 
made.  D e t a i l s  o f  t h i s  probe  a re  shown in  F ig .  7b. 

The hot-film anemometer probe (Fig. 7c), designed and fabricated by 
AEDC, consisted of an 0,002-in. diameter glass rod ground to a slender 
double wedge at the leading edge. A thin platinum film was then 
deposited (painted) along the leading edge. Two strips of gold painted 
along the rod served to connect the film to wire leads from the 
anemometer  i n s t r u m e n t a t i o n .  

A s k e t c h  o f  t he  s u r v e y  probe  r a k e  used d u r i n g  the  t e s t  i s  g i v e n  i n  
F i g .  8 .  

2.5 TEST INSTRUMENTATION 

2.5.1 Standard Instrumentation 

The measuring devices, recording devices, and calibration methods 
for all parameters measured during this test, with the exception of the 
basic anemometer instrumentation, are listed in Table 4 along with the 
estimated measurement uncertainties. The uncertainties i n  the stilling 
chamber properties, as itemized in this table, were used in conjunction 
with previously established nozzle Mach number calibrations as the basis 
for defining the uncertainties in the test section properties. Also 
identified in Table 4 are the standard wind tunnel instruments and 
measuring techniques used to define test parameters such as the model 
attitude, the model surface pressure, probe positions, and probe 
measurements. Additional special instrumentation used in support of 
this test effort is discussed in the following subsections. 

2.5.2 Model Surface Instrumentation 

Thirty-two coaxial surface thermocouple gages (I/8-in. diam) were 
used to measure the model surface heating rates and surface 
temperatures. The coax gage consists of an electrically insulated 
Chromel ® center closed in a cylindrical Constantan ® sleeve. After 
assembly and installation in the model, the gage materials were blended 
together with a file creating thermal and electrical contact in a thin 
layer at the surface of the gage. 

T w e n t y - f o u r  s u r f a c e  and base  p r e s s u r e  t a p s  were  l o c a t e d  a l o n g  t h e  
z e r o - d e g  r a y  o f  t he  model  w i t h  t he  e x c e p t i o n  o f  f o u r  t a p s  which  were  
l o c a t e d  on t h e  180-deg ray  and t h r e e  t a p s  on t h e  270-deg  r a y .  to  a i d  i n  
a e r o d y n a m i c  a l i g n m e n t .  These  t a p s ,  h a v i n g  a p p r o x i m a t e  o u t s i d e  d i a m e t e r s  
o f  0 . 0 9 3 - i n . ,  were  c o n n e c t e d  by t u b i n g  to  t h e ' T u n n e l  B S t a n d a r d  P r e s s u r e  
Sys tem.  

2 . 5 . 3  Hot-Film Anemometry 

Flow fluctuation measurements were made using hot-film anemometry 
techniques, Constant-current hot-film anemometer instrumentation with 
auxiliary electronic equipment was furnished by AEDC. The anemometer 
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current control (Philco-Ford Model ADP-13) which supplies the heating 
current to the sensor is capable of maintaining the current at any one 
of 15 preset levels individually selected using push-button switches. 
The anemometer amplifier (Philco-Ford Model ADP-12) which amplifies the 
film-response signal contains the circuits required to compensate 
the signal electronically for thermal lag which is a characteristic 
of the finite heat capacity of the film. A square-wave generator 
(Shaplro/Edwards Model G-50) was used in determining the time constant 
of the sensor whenever required. The sensor heating current and mean 
voltage were fed to autoranging digital voltmeters for a visual display 
of these parameters and to a Bell and Howell model VR3700B magnetic 
tape machine for recording. The sensor response a-c voltage was fed 
to an oscilloscope for visual display of the raw signal and to a wave 
analyzer (Hewlett-Packard Model 853B/8552B) for visual display of the 
spectra of the fluctuating signal and was recorded on magnetic tape 
for subsequent analysis. 

The analog response signals from the hot-film anemometer were 
recorded using the Bell and Howell Model VR3700B magnetic tape 
machine in the FM mode. Each channel was calibrated and adjusted to 
have a signal-to-noise ratio of 35 db for a 1.000 volt rms output. The 
tape machine frequency response was +i to -3 db over a frequency range 
of dc to 500 kHz. In the present calibration, a sine wave generator was 
used to check each channel at several discrete frequencies, using an 
rms-voltmeter which is periodically checked on I, I0, and I00 volt 
ranges. Magnetic tape recordings were made at a tape speed of 7.5, 60, 
or 120 in./sec. 

3.0 TEST DESCRIPTION 

3,1 TEST CONDITIONS AND PROCEDURES 

M 

8 .00  

A summary o f  the  nominal  t e s t  c o n d i t i o n s  i s  g iven  below.  

PT ,psia TT, °R Q, psla P, psia RE/FT x 10 -6 

300 1350 1.38 0.031 1.3 
600 1350 2.75 0.061 2.6 

A t e s t  summary n o t i n g  a l l  c o n f i g u r a t i o n s  t e s t e d  and v a r i a b l e s  f o r  
each i s  p r e s e n t e d  iu  Table  5. 

In the continuous-flow wind Tunnel B, the model is mounted on a 

sting support mechanism in an installation tank directly underneath the 
tunnel test section. The tank is separated from the tunnel by a pair of 
fairing doors and a safety door. When closed, the fairing doors, except 
for a slot for the pitch sector, cover the opening to the tank and the 
safety door seals the tunnel from the tank area. After the model is 
prepared for a data run, the personnel access door to the installation 
tank is closed, the tank is vented to the tunnel flow, the safety and 
Tairing doors are openedp the model is injected into the airstream, and 
the fairing doors are closed. After the data are obtained, the model is 
retracted into the tank and the sequence is reversed with the tank 
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being vented to atmosphere to allow access to the model in preparation 
for the next run. The sequence is repeated for each configuration 
change. 

Probes required for flow-field measurements are rake-mounted on the 
X-Z Survey Mechanism and are deployed for measurements by the following 
sequence of operations: The air lock is closed, secured over the 
mechanism And evacuated, and the access door to the tunnel test section 
is opened, The various drive systems are used to inject the probes into 
the test section and position the probes at a designated survey station 
along the length of the model, the shield protecting the probes is 
raised exposing them to the flow~ and the flow field is traversed in the 
direction normal to the model surface to the probe height (or heights) 
selected for measurements. When the traverse has been concluded, the 
shield is closed over the probes and the mechanism is repositioned along 
the model, When the surveys are completed or when a probe is to be 
replaced, the X-Z Mechanism is retracted from the flow and the access 
door is closed. The air lock is then opened for probe work. 

Positioning of the probe at a desired location (in terms of X) on 
the model was accomplished using the x-readout of the data acquisition 
system after previously aligning the x-readout with a known location on 
the model. Survey stations were chosen so that the surveys would be 
conducted at multiples of the trip height (x/k) downstream of the trip 
location (X = 12-in.). The 36-deg serrated band trip seated slightly 
forward of the intended position s~ that the actual position was X = 
II.55-in. The survey at x/k = 10 was adjusted accordingly~ but the aft 
survey was conducted at X = 25.5, yielding an x/k = i12 instead of 108. 
Model s u r v e y  s t a t i o n s  fo r  each  run  a r e  l i s t e d  in  Tab le  5. 

The survey probe height relative to the model is monitored using a 
high-resolution closed=circuit television (CCTV) system. The camera is 
fitted with a telescopic lens system which gives a magnification factor 
of 20 (from tunnel centerline to monitor picture). The probe and model 
are back-lighted using the collimated light beam of the Tunnel B 
shadowgraph system which is aligned with respect to the model just prior 
to testing. Calibration of the system is made using a wire of 0.010-in, 
diameter positioned at the test section centerline. Subsequent 
measurements are made on the face of the monitor picture tube using 
s c a l e s  p r e p a r e d  f r o m  t h e  c a l i b r a t i o n  i m a g e s .  The f i e l d  o f  v i e w  i s  
a p p r o x i m a t e l y  0.3 in .  ( a x i a l l y )  by 0.2 i n .  ( v e r t i c a l l y )  and a s p a c i n g  o f  
0,001 in ,  i s  e a s i l y  d i s c e r n i b l e .  The camera  i s  i s o l a t e d  f rom t u n n e l  
v i b r a t i o n s  by m o u n t i n g  i t  w i t h  t h e  Tunne l  B o p t i c s  sys tem~ which  has  a 
f o u n d a t i o n  s e p a r a t e  from t h a t  o f  t h e  t u n n e l .  

3,2 DATA ACQUISITION 

Bas ic  d a t a  a c q u i s i t i o n  p r o c e d u r e s  can be d i v i d e d  i n t o  f o u r  m a j o r  
d a t a  t y p e s :  o v e r h e a d  probe s u r v e y  dataD s u r f a c e  h e a t - t r a n s f e r  d a t a ,  
m o d e l  s u r f a c e  p r e s s u r e  and t e m p e r a t u r e  m e a s u r e m e n t s ~  and h o t - f i l m  
anemometry  d a t a ,  
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3 . 2 , 1  Fl ow - F i e l d  Survey Data 
i 

Mean-flow boundary-layer profiles extended from a height of 0.005 
in. above the model surface to a height greater than the boundary-layer 
thickness. A profile typically consisted of 35 to 40 data points 
(heights), The probe direction of travel was normal to the surface. 
The s m a l l  s i z e  o f  t h e  p i t o t  p r o b e  a d j a c e n t  t o  t h e  o r i f i c e  was 
c h a r a c t e r i z e d  by t ime  d e l a y s  f o r  the  s t a b i l i z a t i o n  o f  p r e s s u r e  w i t h i n  
the  probe t ub ing  be tween  o r i f i c e  and t r a n s d u c e r ,  Indeed ,  the  long d e l a y  
e x p e r i e n c e d  w i t h  the  p i t o t  probe p o s i t i o n e d  nea r  the  model s u r f a c e  made 
i t  i m p r a c t i c a l  to w a i t  f o r  the  p r e s s u r e  to s t a b i l i z e  a t  e v e r y  s u r v e y  
p o i n t ,  As an a l t e r n a t i v e ,  a p r e s s u r e - t i m e  h i s t o r y  o f  t h e  p r o b e  
r e s p o n s e  was d e t e r m i n e d  a t  e a c h  s u r v e y  p o i n t ,  In  s u b s e q u e n t  d a t a  
r e d u c t i o n  ( S e c t i o n  3.3), the  p r e s s u r e - t i m e  h i s t o r y  was i n t e r p r e t e d  as 
d e s c r i b i n g  an e x p o n e n t i a l  p r o b e - r e s p o n s e  curve  t h a t  was e x t r a p o l a t e d  to  
d e f i n e  the  f i n a l  or  s t a b i l i z e d  p r e s s u r e  l e v e l  a t  t he  probe l o c a t i o n .  
The f o l l o w l n g  s e q u e n c e  was u s e d  t o  a c q u i r e  d a t a  f o r  t h i s  p r e s s u r e  
p r e d i c t i o n  s c h e m e :  With  t h e  p i t o t  p r o b e  p o s i t i o n e d  a t  a s p e c i f i e d  
h e i g h t  above the  model s u r f a c e ,  the  d a t a  a c q u i s i t i o n  was begun f o l l o w i n g  
a p r e s c r i b e d  t i m e  d e l a y  ( g e n e r a l l y  Yrom 5 t o  30 s e c ) ,  and t h e  p l t o t  
p r e s s u r e  was measured  40 t i m e s  a t  e q u a l l y - s p a c e d  t ime  i n t e r v a l s  ( i n  the  
range  from 0.4 to  1,5 sec) .  Each sequence  was c o n s i d e r e d  i n d e p e n d e n t l y  
so t h a t  t h e  p r e s c r i b e d  t i m e  d e l a y  c o u l d  be v a r i e d  f r o m  one s e q u e n c e  
(that is from one probe position) to the next. 

The f l o w - f i e l d  su rveys  were g e n e r a l l y  o b t a i n e d  on ly  a f t e r  the  model 
had r e a c h e d  e q u i l i b r i u m  t e m p e r a t u r e ,  and t h e  m o d e l  was o r i e n t e d  a t  
v a r i o u s  r o l l  a n g l e s  (depending  on the  t r i p )  to  avoid  i n t e r f e r e n c e  o f  the  
s u r f a c e  i n s t r u m e n t a t i o n  wi th  the  f low f i e l d  be ing  s u r v e y e d ,  

3.2.2 Surface Heat Transfer Data 

S u r f a c e  h e a t  t r a n s f e r  d a t a  w e r e  o b t a i n e d  u s i n g  32 c o a x i a l  
t h e r m o c o u p l e  gages ,  The model was i n j e c t e d  i n t o  the  t u n n e l  t e s t  s e c t i o n  
a t  a f i x e d  a t t i t u d e  "(ALPHA = ze ro ) .  The d a t a  were r e c o r d e d  c o n t i n u o u s l y  
f o r  a p e r i o d  o f  a p p r o x i m a t e l y  f i v e  seconds  b e g i n n i n g  one second a f t e r  
the  model  e n c o u n t e r e d  t u n n e l  c e n t e r l i n e .  The model was then  r e t r a c t e d  
i n t o  the  t e s t  s e c t i o n  tank  and coo led  with high  p r e s s u r e  a i r .  

S u r f a c e  p r e s s u r e  and t e m p e r a t u r e  d i s t r i b u t i o n s  on the  model  were  
o b t a i n e d  to supplement  t he  boundary  l a y e r  p r o f i l e  d a t a .  

3.2.3 Hot-Film Anemometry 

The h o t - f i l m  anemometer  d a t a - w e r e  c o n t i n u o u s - t r a v e r s e  s u r v e y s  o f  
t he  b o u n d a r y - l a y e r  to  map the  r e s p o n s e  o f  the  h o t - f i l m  anemomete r  as a 
f u n c t i o n  of  d i s t a n c e  normal  to the  s u r f a c e ,  These d a t a  were  a c q u i r e d  by 
operating the hot-film under a "single heating current. The probe was 
translated in a continuous manner from near the model surface outward to 
a distance of approximately 2~. These data were recorded as analog 
plots of the hot-film response (rms of the d-c voltage component) versus 
probe height normal to the model surface, The plot was used primarily 
for the purpose of determining the station(s) in the boundary-layer 
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p r o f i l e  where  the  h o t - f i l m  o u t p u t  had a ( l o c a l )  maximum l e v e l .  Dur ing  
each  t r a v e r s e ,  t he  h o t - w i r e  r e s p o n s e  was a l s o  r e c o r d e d  on m a g n e t i c  t a p e ,  
a t  a t a p e  t r a n s p o r t  speed of  7.5 i n . / s e c .  

The v a r i o u s  t y p e s  of d a t a  o b t a i n e d  d u r i n g  t h e  t e s t i n g  a r e  
summarized in  Tab le  5. 

3.2.4 Probe C a l i b r a t i o n  

A calibration of the recovery factor of the total-temperature probe 
as a function of local Reynolds number was made in the free-stream flow 
of the tunnel test section, simultaneously with that of the hot- 
film probes. The local total temperature for the probes in free-stream 
flow is assumed to be equal to the measured stilling chamber 
temperature, TT. The total-temperature probe used in the present 
testing was found to have a recovery factor that was independent of unit 
Reynolds number over the range covered by the calibration= 

3.3 DATA REDUCTION 

3 . 3 . 1  F low~Fie ld  Surveys (Data Type 4) 

T h e  m e a n  f l o w - f i e l d  d a t a  (DATA TYPE 4) r e d u c t i o n  i n c l u d e d  
c a l c u l a t i o n  o f  t h e  l o c a l  Mach number  and o t h e r  l o c a l  f l o w  p a r a m e t e r s ,  
d e t e r m i n a t i o n  o f  t h e  h e i g h t  o f  each p robe  r e l a t i v e  to  t h e  model  s u r f a c e ,  
c o r r e c t i o n  o f  t he  t o t a l - t e m p e r a t u r e  probe  u s i n g  an a p p r o p r i a t e  r e c o v e r y  
factor, definition of the boundary layer total thickness, and evaluation 
of the displacement and momentum thickness. These reduction procedures 
will now be outlined. 

The l o c a l  Mach n u m b e r  i n  t h e  f l o w  f i e l d  a r o u n d  t h e  m o d e l  was 
d e t e r m i n e d  u s i n g  t he  measu red  p i t o t  p r e s s u r e  (PP) and t h e  l o c a l  model  
s t a t i c  p r e s s u r e  (PWL) w i t h  t he  R a y l e i g h  p i t o t  f o r m u l a .  

The h e i g h t  o f  each  probe  above t he  model  s u r f a c e ,  i n  t h e  n o r m a l  
d i r e c t i o n ,  was c a l c u l a t e d  f o r  each  p o i n t  in  a g i v e n  f l o w - f i e l d  s u r v e y  
t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  f o l l o w i n g  p a r a m e t e r s :  t h e  i n i t i a l  n o r m a l  
d i s t a n c e  s c a l e d  from the  h i g h - r e s o l u t i o n  CCTV s c r e e n  image ,  t he  i n i t i a l  
d e f l e c t i o n  o f  t h e  p i t o t  p r o b e ,  t h e  d i s t a n c e  t r a v e r s e d  i n  t h e  n o r m a l  
d i r e c t i o n  f rom the  i n i t i a l  p o s i t i o n  e m p l o y i n g  t he  s u r v e y  p robe  d r i v e ,  
t h e  l a t e r a l  d i s p l a c e m e n t  o f  t h e  p robe  f rom the  v e r t i c a l  p l a n e  o f  t h e  
s u r v e y ,  and t h e  l o c a l  r a d i u s  o f  t he  mode l  a t  t he  s u r v e y  s t a t i o n .  

The h e i g h t  o f  t he  p i t o t  p r e s s u r e  p robe  above t h e  model  s u r f a c e  (ZP) 
was used  as t h e  r e f e r e n c e  fo r  a l l  p r o b e s  b e c a u s e  t h e  p i t o t  p robe  was 
l o c a t e d  i n  t h e  s u r v e y  p l a n e  o f  the  p robe  d r i v e  mechan i sm.  The t o t a l -  
t e m p e r a t u r e  p robe  r e c o v e r y  t e m p e r a t u r e  m e a s u r e m e n t s  (TTTU) were  used  to  
i n t e r p o l a t e  ( t h r e e - p o i n t )  a v a l u e  (TTLU) c o r r e s p o n d i n g  t o  each  h e i g h t  o f  
t h e  p i t o t  p robe .  C o r r e c t i o n  o f  t he  i n t e r p o l a t e d  r e c o v e r y  t e m p e r a t u r e  
u s i n g  t he  p robe  c a l i b r a t i o n  d a t a  was a c h i e v e d  by i t e r a t i o n  on t h e  l o c a l  
Reyno lds  number  b e g i n n i n g  w i t h  t h e  v a l u e  c a l c u l a t e d  u s i n g  the  r e c o v e r y  
temperature (TTLU) to determine an initial value for the local dynamic 
viscosity (MUTTL). The iteration was continued until successive values 
of the "corrected" total temperature differed by no more than 0,1 deg R. 
For those surveys wherein the pitot probe was positioned below the 
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t o t a l - t e m p e r a t u r e  probe ( c l o s e r  to  the  model s u r f a c e ) ,  the  c o r r e c t e d  
t o t a l  t e m p e r a t u r e  a t  t h e  c o r r e s p o n d i n g  p i t o t  p r o b e  h e i g h t s  was 
d e t e r m i n e d  from a s e c o n d - o r d e r  cu rve  f i t  u s ing  t h r e e  p o i n t s ,  namely:  t h e  
model s u r f a c e  t e m p e r a t u r e  (TWL) and the  c o r r e c t e d  t o t a l  t e m p e r a t u r e  a t  
the  f i r s t  two probe h e i g h t s  where i t  was a v a i l a b l e .  

The total thickness of the model boundary layer in any given 
profile was inferred from the profile of the total-temperature probe 
recovery temperature (TTLU). Recovery temperatures measured above the 
edge of the boundary layer (in the shock layer) remained constant or 
essentially independent of the probe height. There was generally a very 
d i s t i n c t  " o v e r s h o o t "  in  the  r e c o v e r y  t e m p e r a t u r e  p r o f i l e  i m m e d i a t e l y  
before the onset of the constant portion of the profile. The height at 
which this constant portion of the profile began was defined as the edge 
of the boundary layer and the corresponding distance normal to the model 
surface was defined as the boundary-layer total thickness (DEL). 
Displacement and momentum thicknesses were determined by integration 
accounting for the model cone angle and local radius of curvature. 
Probe/model interference was noted for some of the data points near the 
model surface; these points were omitted from the integrations= 

In  o r d e r  t o  o p t i m i z e  d a t a  a c q u i s i t i o n  t i m e  and i m p r o v e  t h e  
r e l i a b i l l t y  o f  p i t o t  p r e s s u r e  r e a d i n g s ,  an e q u i l i b r i u m  p r e s s u r e  
s t a b i l i z a t i o n  r o u t i n e  was used.  The r o u t i n e  r e q u i r e s  as an i npu t  the  
t i m e - h i s t o r y  o f  the  p r e s s u r e  r e a d i n g s  from a t r a n s d u c e r .  This r o u t i n e  
then  models  t he  t i m e - h i s t o r y  as an e x p o n e n t i a l  decay  w i t h  a s t e p  inpu t  
and e v a l u a t e s  the  f i n a l  e q u i l i b r i u m  v a l u e .  R e f e r e n c e  2 g i v e s  a f u r t h e r  
d e s c r i p t i o n  o f  the  e q u i l i b r i u m  p r e s s u r e  s t a b i l i z a t i o n  r o u t i n e .  In  many 
c a s e s  t h e  p r e s s u r e s  a r e  a t  e q u i l i b r i u m  t h r o u g h o u t  t h e  d a t a  r e c o r d  
( e s s e n t i a l l y  c o n s t a n t  p r e s s u r e ) ,  and the  p r e s s u r e s  a r e  s i m p l y  d e f i n e d  as 
t he  ave r age  v a l u e  o f  the  r e c o r d e d  p r e s s u r e s .  

The rms o f  the  h o t - f i l m  r e s p o n s e  v o l t a g e  ( a - c  component)  o b t a i n e d  
u s ing  a s i n g l e  h e a t i n g  c u r r e n t  in c o n j u n c t i o n  w i t h  the  mean f l o w - f i e l d  
p r o f i l e  s u r v e y s  i s  i n c l u d e d  (ERMS) among the  su rvey  p a r a m e t e r s  t a b u l a t e d  
under the designation "DATA TYPE 4". Pressure and temperature 
distributions were also measured during mean flow-field surveys (DATA 
TYPE 4), These measurements were made each time that probe data were 
acquired and the 35 to 40 values for each pressure or temperature were 
averaged. The averaged values and their respective standard deviations 
are included in the tabulations of DATA TYPE 4. A sample tabulation of 
the flow field survey data (Type 4) is given in Appendix III, Sample I. 

3.3,2 S u r f a c e  Heat T r a n s f e r  Data , 

H e a t - f l u x  r a t e ,  c a l c u l a t e d  f r o ~  t h e  r e s p o n s e  o f  t h e  c o a x i a l  
t h e r m o c o u p l e  g a g e ,  i s  f u r t h e r  u s e d  t o  d e t e r m i n e  t h e  h e a t  t r a n s f e r  
c o e f f i c i e n t ,  H(TT), and the  S t an ton  number,  ST(TT). The S t a n t o n  number 
f o r  e a c h  g a g e  was s h i f t e d  by as  much as t w e n t y  p e r c e n t ,  b a s e d  on 
t h e o r e t i c a l  v a r i a t i o n s  o f  S tan ton  number v e r s u s  model l e n g t h .  The w a l l  
t e m p e r a t u r e ,  TW, i s  a d d i t i o n a l l y  d e t e r m i n e d  and t h e s e  v a l u e s  a r e  a11 
t a b u l a t e d  u n d e r  t h e  d e s i g n a t i o n  " S u r f a c e  Hea t  T r a n s f e r " .  A s a m p l e  
t a b u l a t i o n  o f  the  S u r f a c e  Heat T r a n s f e r  Data i s  g iven  in  Appendix I I I ,  
Sample 2. 
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3.3.3 Model Surface Measurements (Data Type 2) 

Model surface pressure and temperature distributions generally were 
obtained when the survey probe mechanism was located so as not to 
interfere with the measurements. These data are tabulated under the 
designation "DATA TYPE 2". 

The local model surface pressure, PWL, used in the flow-field 
calculations was determined using a fairing of the measured pressure 
distributions (selected runs of DATA TYPE 2). The static pressure was 
assumed to be constant across the boundary layer and shock layer and 
equalto the local model surface pressure at each survey station. 

The local model surface temperature, TWL, was determined for each 
survey from the measured surface temperature data in the vicinity of 
t h e  s u r v e y  s t a t i o n ,  u s i n g  l i n e a r  i n t e r p o l a t i o n ,  

A s amp le  tabulation of the Type 2 Data i s  given in Appendix III, 
Sample 3.  

3 . 3 . 4  T o t a l  T e m p e r a t u r e  Probe C a l i b r a t i o n  (Da ta  Type 6) 

The recovery factor ETA used in reducing the survey data is defined 
as  a f u n c t i o n  o f  t h e  l o c a l  Reyn o ld s  number  b a s e d  on probe  d i a m e t e r .  The 
c o e f f i c i e n t s  used  f o r  d a t a  r e d u c t i o n  were :  

Runs 1018- -~1033:  A o ffi 0 . 9 4 ,  A i ffi - 0 . 0 0 1 9  

Runs 1047- -~1056:  A o ffi 0 . 9 4 9 ,  A i = - 0 . 0 3 3 3  

Free-stream tunnel conditions that are applicable to total- 
temperature probe calibration are tabulated under the designation "DATA 
TYPE 6". 

A sample tabulation of the total temperature calibration (DATA TYPE 
6) is given in Appendix III, Sample 4. 

3 , 4  UNCERTAINTY OF MEASUREMENTS 

In general, instrumentation calibration and data uncertainty 
estimates were made using methods recognized by the National Bureau of 
Standards (NBS) (Ref. 3). Measurement uncertainty is a combination of 
b i a s  and p r e c i s i o n  e r r o r s  d e f i n e d  a s :  

U ffi ±(s + t95S) 

where B is the bias limit, S is the sample standard deviation, and ~ 
is the 95th-percentile point for the two-tailed Student's 
distribution (95-percent confidence interval), which for sample sizes 
greater than 30 is equal to 2. 

E s t i m a t e s  o f  t h e  measu red  d a t a  maximum u n c e r t a i n t i e s  f o r  t h i s  t e s t  
a r e  g i v e n  i n  T a b l e  4a.  P r o p a g a t i o n  o f  t h e  b i a s  and p r e c i s i o n  e r r o r s  o f  
m e a s u r e d  d a t a  t h r o u g h  the  c a l c u l a t e d  d a t a  was made in  a c c o r d a n c e  w i t h  
Ref. 3 and the results are given in Table 4b. 

,° 
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4.0 DATA PACKAGE PRESENTATION 

The data package consists Of two volumes, containing tabulated and 
plotted data, as well as a nomenclature list, and a detailed run 
schedule. Appendix. Ill contains examples of the data presented in the 
data  package.  

71.7 
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TABLE I. Data Transmittal Su.~ary 

Item 

The following items were transmitted to the User/Sponsor: 

Final Tabulated Data 

Final Plotted Data 

Shadowgraphs 

Model Photographs 

TestSummary Report 

User 

W. T. Strike 
D. W. Sinclair 
J. C. Donaldson 
Calspan, MS450 
~DC/VKF/ADP 
Arnold AFS, TN 
37389 

No. of Copies 

1 

1 

1 

1 

1 

Sponsor  

K. L. Kushman 
AEDC/DOT 
MS900 
Arnold AFS, TN 
3738~ 

No. of  Cop~es 

1 

1 
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TABLE 

TAP 
NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

i0 

11 

12 

13 

14 

15 

16 

17 

18 

19 

2O 

21 

22 

23 

24 

. Model Instrumentation 

a. Pressure Taps 

THETA 
deg 

0 

270 

180 

270 

180 

270 

180 

in, 

39.50 

38.51 

38.01 

36.03 

34.04 

22.07 

30.01 

28.03 

26.05 

24.06 

22.07 

2~. O0 

17.02 

15.04 

13.05 

11.07 

9.08 

8.09 

11.07 

11.07 

30.01 

30.01 

39.50 

39.50 

Locations 

S, In .  
RN---O. 0015 

39. 790 

38.790 

38.290 

36.290 

34. 290 

22. 230 

30. 230 

28. 230 

26.230 

24.230 

22.230 

20.140 

17.140 

15.140 

13.140 

11.140 

9 • 140 

8.140 

11.140 

11.140 

30. 230 

30. 230 

39. 790 

39.790 

i 

32 



TIc 
NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

101 
102 
103 

THETA 
deg 

180 

D 

TABLE 2. Concluded 

b. Coax Thermocouple Gages 

~, S,in. 
in. RN=O.0015 

38.51 38.79Q 
38.01 38.290 
37.32 37.590 
36.03 36.290 
35.04 35.290 
34.04 34.290 
33.05 33.290 
32.00 32.230 
31.01 31.230 
29.72 29.930 
29.02 29.230 
28.02 28.230 
27.04 27.230 
26.03 26.230 
25.05 25.230 
24.05 24.230 
23.07 23.230 
20.99 21.140 
20.00 20.140 
19.0] 19.140 
18.02 18.140 
17.02 17.140 
15.03 16.140 
15.04 15.140 
14.05 14.140 
13.05 13.140 
12.06 12.140 
10.77 10.840 
10.08 10.140 
9.08 9.140 
8.09 8.140 

18.5 37.3 
25 25.2 
35 35.3 

NOTES: 

I. Thermocouples 1-32 were coaxial surface ther~ocouples and thermocouples 
101-103 were simply attached to inside of model surface (model wall 

thickness ~ 0.25 in.). 

2. Locations of thermocouples 101-103 are approximate. 
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TABLE 3. 

TRIP 

Single row ba]Is 

Multip]e row balls 

Multiple row balls (0.0625) 

Serrated band (36 deg) 

Serrated band (20 deg) 

Ring 

Trip-Configuration Geometry 

Di am 
i e e r ' (k) w t 
ideg) ( in) ( in) ( in) 

36 0.25 - 0.008 

20 0.125 0.375 0.008 

9 0.0625 0.200. 0.008 

36 -- - 0.125(k) 

2 o  - - 0 . 1 2 S ( k )  

- 0.125 - - 

F 34 

1 

*J ~ lm  
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~d 
~n 

f 
TABb2 4, Measurement U n c e r t a i n t i e s  

a, Italia Noo/Kt~a~lt8 

ESTI XAT~D ME~SURE|4EW'I" 
Prec totem Index B0no 

(S) (8) 
Psraneter 

O t l l l i n E  Chamber 0.02 30 ' 0.86 
Pressure. (PT). pal l  O- 08 30 0- 86 

O- 11 30 O. 58 
O , l l  30 0-36 

~ ; 1 o  Tempernture 1 3 0  

1 BO 

0 .020  30 

0 ,18  30 

1 30 

Uncer ta in ty  ee 
±(G + tosS)  

v ~ Range Type of  
Neanur in8  Device 

0.30 4 0 4 '  Be l l  and Howell 
h(0,255~ + 0-04) ~ 0 0  l~orce Balance 

0-80 ~238 P r e s s u r e  T r a n s -  
~ ( 0 . 8 ~  + 0 .22 )  ~J.O00 ducer 

Pi tch AnKle 
(ALPRA 8]~/~R),del 

Rol l  AnKle 
(NOD~.-R(~J,).deB 
DEW POINT,OF 

Model and GaKe 
Tenperafurea: 

(TV)0°7 

0 .375  

2 • 38 to  Chroue~-r~-Alume~ 
530 Thermocoupls 

~ (0 -37~  + 2) 530 bo 
23OO 

O O.O6 i15 Potenttomet er 

O 0.30 ~180. 

3 8 -100 toiCambrldKe Model 
+200 092 Hygrometer 

I , 30 $ 0 38 t o  Ch~sKne]~A-~-Conntan. 
800 t ad .~1~eruocoup loo  

l 30 0 .0  ~ ( o . ~  + 2 )  8oo t o  
1600 

dh ~ 
Probe Temperaturet  1 30 | • 32 t o  Chrouo~L'-Aluue~P 
(TIT0).  °F B30 rhernocouplo  

1 00 0.0V6 ~(O.$Y85L + 2 )  530 to  
2300 

I 
nGA-a~: 1. *Per d e f i n i t i o n s  o f  Ref-Z,  

2 .  * * U n c e r t a l n t y  o f  model and probe  premeuren i n c l u d e s  c o n s i d e r a t i o n s  f o r  p~eaoure o t a b i l i x a U o a  r o u t i n e  
(nee S e c t i o n  3 . 3 . 1 ) :  P r e c i s i o n  Index and Bias  a r e  t r a n s d u c e r  v a l u e s  o n l y .  

Type o f  Nsthod o f  
Record ing  Device  8 y s t o x  C s l t b r n t l o n  

~ l g l t a l  l ~ t a  Acqu lo l -  In -p lace  app l t ca t ioa  
ktou Oystoo • Analog- 
t o - D i a t t a l  C o n v e r t e r  

DOrin T m p e r n t u r e  
I n s t r u m e n t / D i g i t a l  
i u l t ~ p l e x e r  

: i V i t a l  Data A c q u l e l -  
Lion System A n a l o g - t o -  
~ I g l t a l  C o n v e r t e r  

~ l g i t a l  Thermometer 
k D i g i t a l  Scanner 

of  m u l t i p l e  p r e s s u r e  
l e v e l s  measured w i t h  
t p r e s s u r e  measur ing  
d e v i c e  c a l i b r a t e d  i n  
t he  f l tandarde  
Labora to ry  

Theruocouple  v e r i f i -  
c a t i o n  of  N83 con-  
f o r m i t y / v o l t a g e  s u b -  
a t l t u t t o n  c a l i b r a t i o n  

Re ldenha in  Rotary  
Encoder ROD700 
Resolut lo=:O, O000 des 
Dvora l l  Accuracy: 
0-001 des 
P a n a x e t r i c a  MG-IOI 
Mois tu re  G e n e r a t o r  

F h e r u o p l e x s r / M a l t l .  
Fsrter/RADS/DZC 
System 10 

Thermocouple v e r i f i -  
c a t i o n  of  NBS con-  
t o r u i t y / v o l t a f e  sub -  
s t i t u t i o n  c a l i b r a t i o n  

r b e r u O p l e x e r / J t u l t i -  
vertorlRADHID~C System 
LO 

Thermonoup|e v n r i 2 1 e n -  
c a t i o n  o f  NH8 Coa- 
t o r m t t y / v o l t a s e  SUbs 
s t t t u t i o n  c a l i b r a t i o n  



G~ 

( 

-i ml  

_I 
- i  

l , 

i 
I 

"i 

"T 
± 
[ 
! 

. o _ 

J 
! 
IPtraneter  
D e e l i g n s t  1on 

l 
I 

8t--t-~nndn r d  P r e s s u r e  
Sy.Steu Ideseuremen' 
(1~. +Preston), p s i a  

J 
f 
I 
i 

l 

ps~obe Posit ion 
C o o r d i n a t e s :  

x' 
I 

( Z A , Z P p E T )  Die, 

i 

i 
i 

Precision I n d e x  
( s )  

TAJ~J  4 .  C o n t l n u O d  

L -  Oondude4 

ESTIMATED HEASUREM EHTe 
B , n s  I U . . . .  t . t n t y  I (B) $(B * t950) 

0 • 001  0 . 0 0 2 S  

O. 00~ 
0.002 

0 . 0 0 4 5  

0.01 

O , 0 0 1  

0.001 
0 . 0 1  

OltD']D~JDICE: Thoupsoa. J .  V. m d  AbetuetbT, I .  S. e t  s i .  "fisndbook U, c a r t a J n t y  
wo~rEe: 

0.0014 
0 .014 

O . U  

O . 0 0 R  

~. 5 Ef lP-32  t r e s s -  
d e © e r e  

L Drunk T r s n s d u e e r  
LO N o d u l e  u o u n t e d  o u t  

s i d e  t h e  p r o b e  
h o u e t n K  

~teutlmseter 

~0 

T y p e  o f  
RecOrdLnB D e v i s e  

knoloE to DLKIt81 Con_ 
N r t e r / D t E l t e l  Dstm 
Acquisit ion 8yotms 

O l l l t 8 !  h i s  A c q u i m i -  
; t o n  8 y e S e S  A n s t o j - t o -  
~ 0 £ t 0 1  C o n v e r t e r  

In Gas Turbine  P~ssureueut  a-u AI~.-TIt-73-SD l ~ b t u u y  1973 

Method o t  
8ystea Csl lbrs t ion 

Z n - p l s e e  a p p l i c a t i o n  
o f  m s l t 2 p l e  p r e s s u r e  
l e v e l s  u e e e u r e d  v l t h  
it p r e s s u r e  u e a e u r t n 0  

f |evi©e cal ibrated Ln 
:he 5tsndardn 
~ s b o r n t o r y  

~recleLoe Mteroueter 

GC-3S |~tnmm C£"~36 & GC-lZO) 1/82 
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i~ TABLE 4. Concluded ~ ,.. 

t~ 

Calculated Parameters b. 

M 

I . . 

P a r a m e t i e r  
Deslgnation 

I 

i 

P , p s i a  

. q , p s i a  i 

l 

RE, ft -I 

ALPHA 

Precision 

i(s) 

b~ 

1.23 

0.82 

0.85 

0.56 

0.52 

0.36 

See ALPHA SECTOR 

Index 

I 

• ~ ~E 

= O 

0.015 

0.01 

R.'B. et ai* and  Thompson, 

, I I  " - -  ! I 

ESTI MATED MEASUREMENT* 

Bias 
(s) 

I 

,,I,,,~ ~ (~ 
• ~1 ~ i~ 

0.0 

0.0 

O E +J ta 
O ~ 

~ • ~O ~ 

*Reference: Abernethy, 
AEDC-TR-73-5, February 1973 

0.25 

0.25 

0.25 

0.25 

0.45 

0.45 

U n c e r t a i n t y  
+ ( B  + t 9 5 S )  

.,.4 

~ O ~ 

I 

• ,-q ~;  E 

PT 

2.71 

1.89 

1.95 

1.37 

1.49 

1.17 

O ~ 0J 

0.03 300 

0.02 600 

3O0 

6OO 

3O0 

60O 

300 
6O0 

_ .  | 

"Handbook U n c e r t a i n t y  in Gas Turbine Measurements." 



TABLE 5. Test Summary 

CONFIG 

Trip Geometry 

No Trip 

TEST 
CONDITIONS 

PT TT 
psia deg.R 

300 890 

MODEL 
HEAT SURFACE 

TRANSFER DATA 
RUNS (TYPE 2) 

1008 1021 

12.00 13.25 14.50 

1026 1028 

SURVEY LOCATION (DOWNSTREAM OF TRIP) ,DIAMETER 
x/k 

I Jl o  oo/ od l 
MODEL STATION LOCATION, inches 

17.00 25.50 37.00 39.00 

1025 1022 

0.250-Single 300 

600 I' 1013 1014 
i015 

lo4 ' 
890 1003 
i 1004 

1029 
1030 

1018 1019 1020 

1033 1032 
1048 1047 

0.125-Mult. 

0.125 36 °. 
Serrated 

0.125 20 ° 
Serrated 

0.125 Ring 

0.0625 Mult. 

410 

1005 1050 1052 

1006 1054 1056 

1007 

i011, 
1040 

II 1039 
. . . . . . . .  m nm mnmnmnn~ 

1051 1053 

1055 

~Trip ring rolled so that instrumentation rays were between the trip elements (18 deg) 

Survey performed between trip elements. 



TABLE 5. Concluded 

Total Temperature Probe Calibration Runs 

1001 

1002 

1012 

1034 

1045 

1046 

1057 

Special Runs 

1009, 1010 Type 6 diagnostic runs' 

1042 K determ~n~tio~ runs 
1043, 1044 

! 

; J 3 9  

m o %' 



APPENDIX I I I  

SAMPLE TABULATED DATA 

4O 



ARVIN/CALSP~"~PIELD 5ERVJCESeZNC. 
AEOC DIVlSI .  
YUN KAR~AM GAb'DYnAMIC8 FACILITY 
ARHObU AIR fORCE STAFJO~e TENN 
AEOC ~OuHOARY LAYER STABILITY TEST 

PUN NUHuER 1028 PAGE 1 

/ -  % DATE COMPUTED I1-0Cm~83 
DATE R~CORDEO 2-~1 '3 
TI~E RECORDED 71~56~0 
TIHK COMPUTED 09130 
PROJECT NO V 6"25 

SHARp ~uDEG CONE (AN • 0.0015 I N . )  
XSTA • 14,50  IN 
TRIP • NO TRIP 

DRUCK 2 1.054 

LOOP PT TF PT2 P ZP Pp PNb TWG ET TTTU ZA TTA HA 
(PSIA) (OEG R) (PSIA) .  (PSIA) ( IN)  (PSIA) (PSIA) (DEC R) (1~) (OEG R) ( IN)  DEG R) 

1 303.14 1350,7 2,573 0.031 0,O050 0,103 00074 Io69 ,2  O.0o18 1102,3 0 ,062~ 122503 1,34E.00 
2 303.02 1350.7 2 .572  O.031 0 .0087  O0098 00074 Io69 .0  000115 110607 O.0654 1239.1 1.46E~00 
3 302.83 1]50.7 2,570 00031 000148 0.099 0,074 I009.O 0,0176 111208 0.0725 1263.5 1071E*00 
4 302.77 1350.7 2.570 0.031 0.0192 0.095 00074 105900 0.0?20 1117.8 0.0769 128102 1.925*00 
5 302.65 1350.7 2.569 0.031 0.0249 0.103 0.074 ]059 .0  0.0277 1124.8 000~26 1302.5 2 .23Et00 
6 302,47 1350.7 2,567 O.O!1 0,OJ59 O.I06 00074 IO69.0 0.O3~7 114303 000930 1332,5 2.89E÷00 
7 302.35 1350.7 2,566 00(131 0.0445 ~.125 0.074 I , )59,0 0,0472 11b2,4 0.1022 1346,6 ~.5bL+O0 
0 3o2.28 1350.7 2 .566  0.031 0 .04q4  00137 0 .074  1059.1 0 . 0 ~ 1  1174.5  0.1071 1351.7  4.10Keoo 
9 3o7.10 1350.7 2 .564  0 . 0 3 l  0 .0555 00109 0 .074 106901 0 .0502  119103 0 . 1 1 J I  | 3 5 2 . 6  407HE,00 

IO 3o i , q2  1350,7 2,563 O,031 0,05~5 00190 0,074 I0b9,O 000b~2 1202,5 0.1171 135205 5,21E*00 
11 301.~o 1350.7 2.502 0.o11 0.~)o52 0.230 0.074 1.)69.2 UoOhi9 121~02 0.1228 1351.2 ScULPt00 
12 3oP,53 1350.7 2,~bR 0.O31 0,0113 0.297 0.074 1059,2 0.0740 12J0,9 O.1289 1348.5 b,JQbtOO 
13 3o7,28 13~001 2,565 00031 0,o751 0.355 0,074 1009.3 o,o710 1247.J 0,1327 1347.3 '  b.buE~O0 
14 302041 1350.7 2 .557 0 .031 0 .0010  0 .419  00i)74 10A9.2 U.UXJ7 120009 001386 1346.O 6.DIEGO0 
15 307.53 13~0.7 ~.568 0.()]1 0.0~60 005,3 0.074 I.)h~02 O.UAU7 12oH.4 00143h 1345.6 6 . 8 o ~ 0 0  
lb  3O2.47 13q0.7 2.567 0.031 0.0906 0.721 0.074 1059.1 0.0qJ3 12~5.2 0.14H2 1345.4 6.895*00 
17 3~705J 1350,1 20568 0.O31 0.0961 0,936 0.074 IO68,9 O.Uq~H 127H00 0,1537 1315,3 6 , H q ~ o o  
ld 3o? .59  1350,7 20568 0 .o31 O. lo19 ! ,221  0 ,074  10b~.8 00104b 1777,8 001595 1345.2  6 ,bgE*o0 
19 3o2.53 1350.7 ?.5oR 0.031 001vh4 1.577 00074 10b9.0 0,1fl90 1215.0  0 .1b40  134503 6,89E400 
20 3(,2.71 1350,7 2.56q 0.031 0.1184 20752 0.074 I0h9 ,0  0.1210 12o2,9 0,1750 1345.3 6.89~+00 
21 30?.8 ]  13~0.7 2.510 O.o31 0.1280 30A41 0,074 IO69,1 00130o I~53.2  0.1855 1345,4 6.SbL+O0 
22 302.03 |J~0,7  ?.570 0 .O310 ,13hY 4.3d7 00074 IO~9.1 0,1395 1249.3 0.1944 I145 .4  60885*00 
23 302,~O 1350,7 2.571 0.O31 0 ,14q l  4,551 0,074 I,J69.2 0.1~07 124d04 002056 1345.5 6 , 8 ~ t O O  
24 3o2,R3 1350.7 2 .570  0 .031 0 .1575 4 .553  0 ,074 IOo9.1 O . Ihu I  124804 0 ,21~0 1345.5 6 , 8 H ~ 0 0  
25 302.90 1350,7 2,571 0.O31 0,1589 4.547 0.074 106900 O,1715 1~4H.5 0,2264 1345.5 6,SHL~00 
25 311209() IJ50.1  2.571 0.O31 0017~1 40544 0,074 IOO9.O 001807 124H.5 0,235b |345.~  6,kH~*O0 
27 3(~3,02 1350.7 20572 00031 o.19n0 4.540 0,074 10~9,1 O. lq25 124R.b 002415 1345.6 6.BbE*O0 
28 303.02 1350.7 2.572 00031 0 .1988 4.537 00074 10o9.1 0 .~o15  124807 0.2553 1345.7 6.08E+00 
29 302,96 1350,7 2,571 0.031 002092 4.533 0,074 1060.9 U02117 1248,8 0,26h6 1345,9 6,895tO0 
30 303,02 1350,7 2,572 0,031 0,21q7 4,531 0,074 105901 0,2222 1248,7 0,2771 1346.1 6,90E+00 
31 3o3,02 135007 20572 0,031 0.2308 4,531 00074 !069,1 O023J3 1248,7 O,2882 1346,4 60916+00 

HEAN VALIIE~ 
;"' PH~ • 10,0 DEG PT = 302.7 PSIA P • 0.0310 PSZA 

fl = 8000 TT =1350.7 DEG R Pkb • 0.074 PSIA 
ALPHA = 0 ,0  PT2 • 2 .569  PSIA T~b 8 1069,1 DEG R 

DEN ~ -470 RE m 1,091EtO5 PER ~N V n 3879,9  FTI6EC 
~U n 7.870E-08 bBV'SEC/FT2 0 • 1~389 PSIA 

RHO • 80549E°04 bBN/VT3 T • 97 ,9  DEG R 

Sample 1. Flow-Field Survey (Data Type 4) 
kiln NJOm;~Vle Jo~k 

LRETA 

1.053E*03 
1.821E+O$ 
2.192E*03 
2.553E*03 
3.104E+03 
4.54bE+03 
6 .352E*03 
80101E*03 
10068E*04 
1.250E*04 
1.52~Et04 
1,336L+04 
! .95JE4o4  
2,077Et04 
2,104E*O4 
201255*O4 
2,1255+04 
2.125~+O4 
2.123E*04 
2 .121Et04  
2.120E~04 
2,118E~04 
2.116E,04 
20115~+04 
2.115E*04 
2 , 1 1 5 ~ , 0 4  
20117K~04 
2 .119E ,04  
2.123E*04 
2.1275.O4 
2,133E*04 



ARVINICALSP'-'% FIELD 5ERYlCES~IHC, 
AEDC o I v I S .  
VO~ KAR~A~ DAB DYNAMICS FACILIT~ 
ARNOLD AIR F~RCE STATIUMe TENM 
AEOC 00U~DAR~ LAYER 5rAUILITY TEST 

RUN NUMPER 1028 PAGE 2 

. .LOOP ZP PPIPPE ~ b  
( IN)  

1 0 , 0 0 5 0  00023 T.OSE~01 
2 0000~7 00022 604~R-Ol 
3 O.0148 0.022 6.66E-OI 
4 0 0 0 | 9 2  0,021 6 ,118 -O1  
5 - 0.0249 000?3 7.O2E-O1 
b 00o459 0.o2~ 7033F-Ol  
7 O,O445 00028 8.99E-01 
8 00(*454 0 , ~ 3 0  9085E'-O1 

o.o565 0,o37 1 .16E+oo  
IO 0 . 0 5 5 5  0 , 0 4 2  1.26E,00 
~1 0.0652 4 ) .O51  1042~400 
12 000713 0.066 1.65F~00 
]3 0.O751 0007~ I083E~00 
14 0 , o 8 1 0  0010~ 2016E~00 
15 O,u860 u.124 2.t5E+00 
|6 0.0906 0.159 2.69E~00 
17 000961 00207 3008F400 
18 0.1019 00269 3053~00 
lV O , | 0 6 4  0 , 3 4 8  4.03E,1|.) 
20 001184  0 . 6 0 7  5.15E~00 
21 0012A0 0 0 H 4 8  6 0 3 ] ~ 0 1 )  
22 0 , 1 3 6 5  0,968 607~E~00 
?3 0.1491 I.O05 " 6.A9~+00 
24 0 , 1 5 7 5  l o v 0 b  60~q~**)o 
25 0 . 1 6 ~ 9  10004 6 . 8 q E ~ O 0  
2u 0 , 1 7 8 1  . . 1 , 0 0 3  6089E+00 
27 O019OO 10002 6088E+00 
28 O.1988 10001 60H8~*00 
29 0.7092 I0001 6068Et00 
30 0 , 7 1 9 7  10000 608~E+00 
31  002308 I , 0 0 0  6 0 8 8 £ + 0 o  

,--- 
. ERRS LAST LOOP 30053E002 
.M 

PHI 8 10.O DEG 
M • 8.00 

ALPHAm 000 DEG 

ML/ME TTLU TTb TTLITTE 
(BEG R) (DEG R) 

00102 109401 110005 00818 
00094 110304 I tuA .9  00~24 
00o97 110908 111506 00529 
00089 111406 1119,5 00q3~ 
00102 112102 112706 ~0838 
O0107 113800 114502 00851 
00131 115o00 116604 U.R67 
00143 11670~ 118000 0 ,R77  
O01~8 1181.8 120o03 O.~92 
00183 1 1 9 4 . 9  1 2 1 3 . 9  . O.~02 
00206 121105 1~34.5 0 . q 1 8  
0.240 1229.3 126807 0 . ~ 3 5  
002~6 1 2 4 o . 0  127400 0,947 
00114 1255.3 12~704 0.q64 
0.442 12b4.8 1 4 1 1 , 6  O.qTb 
00391 1271.3 13~4.9 0.985 
00448 127700 13~7.9 00994 
0.514 127804 144502 10,01 
O,SP~ 1 2 7 6 . 9  135102 10004 
0,717 126506 135203 10005 
~,q20 1255.3 13480H I , i ) 0 ~  
009~4 125001 134o03 ! . 0 0 1  
1.002 124805 1.345o4 l .OnO 
1oO,33 124804 13450~ 101100 
1.002 124x05 1 3 4 5 . 4  10000 
10001 124~05 1345,3 | . 0 0 0  
10001 12.18.6 13~504 | . ~ 0 0  
10001 124807 1 3 4 5 . 5  !0o00 
I0000 1 2 4 8 , 9  134506 10000 
10000 1 2 4 8 , 7  144505 |0000 
1 , 0 0 0  5248,7 134505 1 , 0 0 0  

MEAN VAbUES 

f--,,, 

TL 
(PEG R) 

1 0 O I , 0  
102209 
102408 
104107 
1026.6 
1 0 4 4 . 0  
100401 

9 ~ 8 , 3  
947,1 
9~205 
8H0.4 
814,2 
76208 
61105 
6~2.0 
54?05 
402.2 
305.2 
31804 
20104 
14908 
1~2 .6  
128.1 
128.1 
128 ,3  
120.3 
1 ~ 8 . 4  
12805 
12806 
128,7 
128,7 

BATE CBNPUTED 
DATE RECOROED 
TIME RECORDED 
TIME COMPUTED 
PROJECT NB V 

SHARP 7"DEG CONE (RE n 0.0015 IN . )  
XSTA • 14.50 IN 
TRIP • R' TRIP 

UL 
(FTISEC) 

1009JE403 
1 ,016E+03  
10045E~03 
9.072~+O2 
10102E.O3 

10497£+03 
l o b l u R ÷ 0 3  
1 ,144E÷03  
1 . ~ 7 1 ~ 0 3  
&.UhJE+O3 
20411E)03  
~.478~:+03 
2.142E÷03 
~0879K.03 

• 3,0006103 
J.~44Eto3 
J.J�BE,03 
J.b2~h~u4 
3.119Et0] 

J.~I�F;~(I3 
J.8~K+o3 
3 . 8 2 4 E , 0 3  

JeB24K+03 
30u2~E+03 
3 , 5 2 ~ E ~ 0 3  
~.824E,03 
40824E,03 
)0824~,03 

110OC'-03 
2 0 5  8 3  
7 l lb t~O 

09838~ \  
B ' 2 S  " 

.UL/UE LRB LRET . ERMSR 

00286 90410E+02 80840EtO2 100175E100 
002~6 80441Et02 0.00bE÷D2 JeOOVSE+O0 
0.273 80649F~02 8.180E402 909560E-01 
o.253 71792E~o2 1.433E*O2 10006OE+00 
002fl8 90097E+02 80553~+O2 l.0Ubbb~O0 
00302 90424E402 8,815E*02 908201E-01 
0.365 1019oE403 100S4£~03 100035EtO0 
00397 1 0 3 3 5 E , 0 3  l .  IHBE+03 9 0 9 1 5 0 E - 0 1  
00456 1 . 5 4 7 E ~ 0 3  1 . 4 0 9 E * 0 3  .1.00156*00 
0.489 1.846E~03 1 . 5 4 1 E t o 3  909000~-01 
0 . 5 ] 9  2 . 2 0 2 E ~ 0 3  10761b~03 9 . 8 9 5 1 b - 0 1  
(I.604 2,815b~03 2.107E,03 9.6901E-01 
0.648 3.473E~O3 20394E~O3 9.9400E-01 
0.717 4.646E,03 20974E*03 9084516001  
0.753 50569E~03 30347E+03 9095UUb001 
008o2 705425+03 4.062E+U3 90940uE001 
0.848 I.n626404 5,013K~03 9.97bub-01 
0,889 !.549E104 6.276E+03 90H261E-OI 
00971 2.2~]E,04 7.865~+03 9 , U Y b l E - Q I  
0.973 50083~*04  1.J106*04 9,97UU~001 
0.994 1.085F,05 1 0 8 0 1 E , 0 4  9 . 8 1 b l L - u l  
00999 1.394E~05 2.049E,04 9 o 7 6 5 1 b - 0 1  
1.000 10495Et05 2.1249+04 9.9460E-01 
1.000 1 .496~05 2.125Et04 9.75516-01 
100O0 10492E*05 2012~,04 9 , 8 J U l b - O !  
I ,UO0 1.490E+OS 20121~*04 9 0 8 4 6 1 E - 0 1  
10000 !0487~*05 20119Et04 100OI0~÷00 
10000 I0485E*05  2 . 1 1 7 E ~ 0 4  9 0 9 6 5 0 E - 0 1  
10000 I 0 4 8 3 ~ 0 5  20116E*04 9 . 9 4 6 0 ~ 0 1  
1.0OO !0482E*05  2 . 1 1 5 E * 0 4  I o 0 0 0 b E * 0 0  
10000 10482E*05 20115E~04 l . O 0 0 0 E t 0 0  

PT = 30207 P81A 
TT • ! 3 5 0 0 7  DIG R 

• 000310  PSIA 
T • 9700 DEG R 

T4LITT¢ • 007945 
PWb • 00074 
TWb • 1 0 6 9 0 1  

PSIA 
DEG-R 

EDGE VALUE6 

PPE • 4 . 5 3 1 E + 0 0  PSIA 
ME • 60076E÷00 

TTE • 10346E~03 BEG R 
UE • Oo382E~04 FTISEC 

Sample 1, Contlnued 
MIIN NUMIqKH lO1B 



ARYINICAI, SP~ "~ FIELD 5ERVZCEEeIHCe 
AEOC DIVJSI 
YON XARNAN GAS DYNAMICS FACILITY 
ARNOLD AIR FORCE STATION. TRNN 
AEDC bOUkDART LAYER STABILITY TEST 

RUN NUMBER 1028 PAGE 3 

RUDEL 5iJRFACE laEASUREMERTS 

f>, 

TAP S TH£TA pw 
( I N )  (PEG) CPSIA) 

1 39 .790  o 0 .0435 
2 38.790  0 0 .0407 
3 3~.290 0 0.O351 
4 36 .290  0 0 .0365  
5 34 .290  0 0,0331 
b 22.070  180 0.0707 
7 30 .230  0 0 .0248 
8 28 .2J0  O 0 .0J67 
9 26.730  O O .O l t d  

10 24 .230  0 0,026~ 
11 2~.210 0 0.0567 
12 20 .140  0 o . l o l 7  
13 17,140  0 0 .1023  
14 15 .140  0 001373 
15 13 .140  0 0 ,0702  
Ib  11 .140  0 0 .0h45  
17 ~ ,140  0 0.Oh~l  
18 , R.140 0 0 .0758 
19 11 .140  270 0.071d 
20 I ! , ! 1 0  180 0.0792 
21 30 .230  270 0 .0763  
22 30 .230  180 ' o .o8O l  
2J 39 .790  210 " 0 .0802  
24 39 .790  leO 000765 
25 0 .000  0 0 .0817 
2o 0 . 0 0 0  180 0.1291 

• ~ . -  . . . . . . . . . . . . . . . .  

/~" "% 

, _, /  
DATE COMPUTED 11-0CT-83 
DATE RECORDED 2-6~ 3 
TIRE RECORDED 7 1 1 5 ~ . J  
TI~E COHOUTEO 09138 
PROJECT NO v B-2S 

SHARP 7-OEG CONE (AN • O,0015 I N , )  
XSTA • 14.50 IN 
TRIP • NO TRIP 

S~ pw PH/P TIC 5 THETA Tk 80 TH THITT 
(PSI )  (TN) (DP, G) (0£G R) (DEG R) 

0 .0007  1 .4027 1 3 3 . / 9 0  180 1030.9 • 0 .55  0 .763  
0 .0005 1 .3125 2 ] 8 . 2 9 0  )eO 1033.5  0 .52  0 .765  
0 .0005  1 . 1 3 i 9  3 37 .bq0  IHO - 280241 .4  ] 5 , 4 8  - 2 0 7 , 4 8 3  
0 .0007  1.1798 4 $0 .290  1SO 1045.b  0 ,63  0 .774  
0.0012 1.u~74 " 5 36.290 180 1044.4 0 .55  0 .773 
D,OO(P3 2 .4742  6 34 .290  180 1045,1 0 ,57  0 ,774  
0.0007 0 .6005  7 3 J . 2 9 0  180 1045.9 0.57  0 .774  
0 .0012 0 .5397 8 3 2 . 2 ] u  180 1046.9  0 .58  0 .774  
0 .0006 0 .3~70  9 31.~30 IRO I o 5 0 . 4  0 .58  0 .778 
0 .o025  0 . , b o o  10 29 .930 180 1044.9  0 .52  0 .774  
0 .0032 l ,e3UO I I  79.210 180 822,7  9 ,6b  0 ,609  
O,UOSB J . 2 b l o  12 7uo230 180 1044,1 0,36  0 .773  
0oU3J2 3 .3009 13 27 ,230 180 IO43.4  0 .25  0 .772  
0 .0339 402669 14 200230 180 1042,2  0 ,17  0 .772  
0 .0003  2 ,7639  15 2b ,~Ju 180 ! o 4 2 . 5  0 ,1b  0 ,772  
0 .0003 2ot|H19 16 24,~30 180 | 043 ,7  0 .24  0 ,773  
0 .0009 2 .1952 17 ?J ,~30 180 1048.8 0 .35  0 .777 
0 .0003  2.444H 
0 .0003 2 ,J~06 19 21,140 180 5J8 ,8  O,10 0 ,3~9 
O,00'J3 2 .5565 20 20,140  IR0 1060.5  0 ,56  0.7X5 
0 .0005  2 ,4002  21 ! ~ , 1 4 0  180 1060,4  0 .43  0,TUb 
0 .0003  2 .b042  22 18.140 190 540 .8  0 . 1 4  0 .400  
0.0009 2.5R65 23 17.140 180 1064,5 0 ,25  0 .788  
O.0003 2 ,4667  24 I o . 1 4 0  180 | 0 b 4 , 4  0 ,20  0 .789  
0 .0004  2 ,o307  25 15.140 180 IO69.1 0 .11  0 .792  
Oe0020 4 .1648  26 14.140 180 1066.4 0 ,25  0 .790  

27 13.140 IRO 1 0 o l . 0  0 ,20  0.7Hb 
28 12,140 180 1067.8  0 .33  0.791 
29 I0 .U40 190 1060.g  0 .34  0.791 
30 10 .140  180 1069,5  0 , J 9  0.792  
31 ~ .140 180 1070.8  0 .38  0 .793  
32 N.140 180 1073 ,9  0 .32  0 ,795  

PflZ • I D . O  PEG 
M • 8 .00  

ALPHA • O.O DEG 
CLD • 1 ,390E.01 

RUm RUMR~R IQ28 

KLAN VALUE5 

PT • 302.7  PSXA 
TT J1350.7  DEG R 

P • 000310 PSZA 

TDRK R 549,$  UEG R 

T • g7 ,9  DEG R 

Sample 1. Continued 



ARYINICALSP*",FIEGD SERVlCFS,INC, 
AEOC OlVlS1 
YON KARNAK hA6 DYNAMICS rACZhZTY 
ARNOLD AIR FURC~ STATIOqe TENN 
AEDC UOUNDARY bAYER STABILITY TE~T 

RUN NUMBER 1028 PAGE 4 

, .  ( I  

INTEGKAU EVAbUATIUN 

~OOP ZPluK~ PPIPPD MblMO TTb/TTD TLITD RflOLIRHOD 

1 3,788~-02 2,485E-02 1,071g-O1 8, lb6K-OI 7,23~R+00 |,397E-01 
2 6.591F-02 2,3~6K-O2 9,854E-02 8,22H~-01 7.389F+00 1,3bTk-Ot 
3 1,121k.-Ol 2,401~-02 1.012F-01 8.279K-ul 7 ,403~00 1,3~bg-OI 
4 1,455~-0! 2.296~-02 9,291~-02 0,307K-01 7,525b+00 1.343E-01 
5 1,8RSE*OI 2=479K-02 I,O6bR-UI 8.368~-O1 7,416E+0~ 1,3~2~-01 
6 2.720F-01 2.5SOE-02 1.114V-01 A.499~-01 T.47UF~00 1.353E-01 
7 3,371~-01 3,014~002 1,367F-OI 8,bS~E*OI 70254E*00 1,]93R001 
8 3.742F-01 3.31AE-02 I .~qTP-O! 8,?5hh-Ot 7.13qFtoO t . 4 t b ~ - O l  
9 4.205F-01 4.077~-02 1.757f.-O1 ~.qOTb-Ol 6.847~,u0 1,477E-~1 

10 4,50~[-01 4,~97b-02 1,91o~-01 9,nOHE-0I 6.hbSEtUO 1,510~-Ol  
11 4 .939~-01  5.553K-02 2.155~-01 9 . lk lEo01 6.360Et00 1.5eq~-oI  
12 S.402E-UI 7.171E-02 2.511~.-nt q.34n~-O! 5.x87~+00 1.7IuR-OI  
13 S,6P~koOl R,587~;-02 2,1x2E-OI 9,454~-0l  5,511~*00 1,83tR-(It  
14 6,1J-~-01 1,157R-01 3 , Ib t t . -01  9,678K-01 4,GSIL,00 2,UUJK-Q| 
IS ' 6 .515£001  I . t59~-01 3 .57~-01  9 .733h-01  4.493t ton 2 .24e~-~1  
16 b.ObSF-OI 1,741E-01 4.t|H2f.-OI 9 . 8 3 7 h - , 1  3 .919 t . ,00  2.57~E001 
IT 1,280F-01 2,2~oh-uI 4,bYH~-Ol 9,978h-ot  3,33c~t.+00 3.#)2b£-91 
18 7,720~-01 ?,94X~-01 5,36nF-01 9.9Qn~-01 2.T83E+OO 3,b3Uf-Ol 
19 ' 8 , O ~ I F - 0 I  3 , 8 . q ~ : - O t  6 . 1 7 1 P - 0 1  I ,OO3P:+Ou 2.3OOFtOO 4.393~-~1 
20 0,97Ck.*0! 6,64~F:~bl ~,124~-01 i,o~31C+OU 10455~+00 o,944F-0t 
21 9,697~-0! q,YT4~-o! 9,615Y-01 1,001F.+oo 1,0~2~,00 9.33bY-nl 
22 1,037PtO0 I,O59b+00 l,l*2b~tOO 9,ggGv-UI 9 .~0E-01 1,05b~+n0 
23 1 ,122btuO 1.09q~+n0 1.047F,OO q.q83K-Ol 9 .2~7~-01 1.091£+q0 
24 1,19]t+O0 I. |oOKtoO I.I)4dE+O0 Q.9b?K-OI 9,253b-01 1.091gtOu 
25 1.280~'+00 I.Og~l:+OU I .u4?F+oo  9 .983t ' -01  9.Yf.KKo|II 1.09U~+AU 
26 ' 1,349k.+00 1.097K+00. 1.04T~+uO 9 .983h-OI  9 .271~-01  1.0qu~+0U 
27 1,4J9£~00 |,0q6~+00 l,O4h~+OO 9.q~4K-01 g,279~-0! l ,O~9~,no 
28 1.506Y,00 1.095P..ofl l . n46E ,Oo  q.984K-01 9 .28bb-01  J.OUeE+(IU 
29 l,SSSKt00 Io0YSE+00 1,045Y+00 9,qSbk;-UI 9,293~-0| 1.087F;tOO 
30 l ,bh4k+00 J,O~4E+00 2 ,045~00 9,984£-01 9,297E00! 1,0~7Etno 
31 1,748E~00 I0094E~00 1,O45~+00 9,984~-01 9,297E*OI 1,087E+OO 

~.. VA~IIES AE uRLTA 

,PHI  : I O , O  DEG 
M • 8 , 0 0  

ALPHA : 0 ,O  DEG 

~UM MUMhg# | O I N  

DATE COMPUTED 11-OC~-83 
DATE RECOHDED 2-6 :3 
TIRE N~CDRDED 711S,DO 
TI~E COMPUT[D 09838 
PHOJECT NO V B-IS 

SHARP 7-DEG COME (RN = 0 . 0 0 1 5  I N , )  
XSTA • 1 4 , 5 0  ZN 
TRZP • NO TRIP 

UGIUD 

2,800~-01 
2,Sb7b-0| 
2,741~-01 
2,5J7b-01 
2.RYlb-Ul  
3,O~l~-UI 
3.6o4E-U1 
309#?L-01 
4.575b-01 
4.gugb-Ot 
S.411b-O! 
6.1163h-Ol 
6,Su2b-O! 
7,1~4b'01 
T,Sb]b- I ) |  
8,O44b-OJ 
~.5iOb-Ol 
8 .915~-01  
9 .242h-01  
g,7bSb-O! 
9,9b~ho01 

1.0u3~+O0 
l .Ou3~+uo 
leooJb+O0 
l,Ou3b+OO 
1.0U3~+O0 
I.UU3E+OO 
I,UU3~+OO 
I,Ou3~+O0 
1,003~÷00 

MUTL/HUTD GREILPED DITTLIDITTD LHKTILR£TD 

5.380E+00 7,575~003 1.10UE-O! 4.Sb4E-02 
S.4bSR+UO b.795~-03 1.414E-01 4013JE=02 
5,4bSK*0O 6,963R-03 l , b b 3 [ - U |  4,323~-02 
5 .524~0u 6.273E-03 l , T g l b - 0 1  3.8J8E-02 
5,471~+Q0 7,373K-03 2.UUJE*0| 4.41b~-02 
5.497k.+00 7 .587E-u3  2 .70b~-01  405b1~-02 
5.391~+00 9.b29b-03 3.465E-Ol S.59ub-U2 
5.J34E+00 1,075L-U2 3,94b~-01 6.13b[-02 
5.1H~+OU |032hk-O2 4,bY~-OJ 7,27b~-02 
5.093K+00 | . 45bK-O2 5.167~-01 7o95b~002 
4.934R+00 | ,772b-02 5.903~-01 9,092b-02 
4,bYbK*O0 2.266F-O2 6,773E-01 I,UUOE-01 
4.4hoF+00 2.Tlbk.-O2 7.32~L-01 1023bL-QI 
4.07b~H)0 3,740k-02 8.175[o01 1.53Bb-UI 
],HS2~tUO 40483F-u2 8,bUbL-01 1.72dL-O! 
3.475F'+00 6.07|~-02 9.11bE-Of 2.097~-U1 
3.Ob4L+OU 8.548b-02 9.bS4F-UI 2.58~[-01 
2.bJQE+UU t.247~-() |  9.9hIE-01 3.24UE-U1 
?,J39F+o0 I ,~44R-0l  l ,u I4k+n0 4,uSb~-u! 
|,4bSh+0O 4,73bk.-U| 1,018L+00 6,764~-01 

" 1,O82~+i)O 8,739~-01 1,0ObE+O0 9,297E-01 
9,bUOE-OI 1,122~.t00 9,Q52L-Ol 1,058~+00 
9 ,257E '01  1,203~+00 9 ,Y]bL '01 1,097L*U0 
9,253L-01 1,204~+00 9.91b~*01 |,0YYL~UO 
9,2b~K-OI | ,201~*00 9,924~'O! ' "  1,096b+00 
9,~YIF- " I  1,700~tOU 9,922E-0! 1,095b*UO 
9,279h-01 !,197~+O0 9,921L'01 1,094b+00 
9,IXb~-01 1,19bE+OO 9.925K-01 1,09JE+OO 
9,293K*01 1,194~*00 9,934£-01 1,092L+00 
9,297K-01 1 . 1 9 3 b , 0 0  9,927E001 1,092[+00 
9 ,297~-01  1,193~+00 9 , 9 2 6 £ - 0 1  ! , 0 9 2 ~ 0 0  

DgL n 1+320~-01 IN 
D~b~ • | . 0 3 0 8 - 0 1 1 ~  
DKLt*n 4 .078E-03  1~ 

L R ~  • 1 .242E+05  PER XR 

PPD z 4,141~*O0 PSIA 
MD : O.~794~+U0 
TO n I.JR4E÷02 oEG R 
TTD • 1,J40~+~3 DEG R 
UD • 3 ,e | IE to3  FT/SEC 

. . . . . . . .  Smple 1 ,  Continued . . . . . .  

RHDD • 1,426E-03 LBM/FT3 
RHOUD 8 5,434E~00 LBM/SEC-FT2 

HUTD = 1,114E*07 LBF'SbC/FT2 
DITTO s 7.132E+01BTU/b6H 
LRETD 8 1,937¢+04 PER IN 



ARYIN/CALS~'N FIELD 5ERVICESe~NC, 
i , AEOC DZVI~ 

YUN K&RMA~ ~&S DYNAMICS FACIGITY 
ARflOLU AXR FORCE STATIOn, TE~N 
AEDC BOUNDARY LAYER STABILITY TEST 

RUN hUMBER 1028 PAGE 5 
) 

L~ 

LOOP 

PRESSURK STABILIZATION STATISTICS 

PP PPI;PPF PP/PPF PPR/Pp 

I 0 .1029  1,0H79 0,64R6 0 .0078  
2 ~00980 ! . 0723  0 ,7113  0 .n143  
3 000994 1.0554 O.7905 0.0070 
4 0.0951  1.0507 O.Pob8 0 .00q9  
5 O.IO26 10n262 O,O01 ] 000051 
6 0.1055 ! .o087 0.9275 0.0o98 
7 0 ,1248  0,9832 1.~504 000035 
6 0 ,1374  0 ,9766  100752 0 .0030  
9 D01686 0,9~?~ 101417 0.0101 

10 001904 0.9465 l , I ] S R  0.0029 
II 0.23n0 o09J54 1.1411 0oO(112 
12 O,~970 0.917H 1,16H1 0 .0020  
13 0,3554 0,Q775 1,1248 0,0021 
14 0.4791 o ,o113  1 ,15J0 0 ,0019  
15 0,5628 0.9276  101O54 0.oo13 
16 0 .7211 0 .q138 1 ,0950 0 , 0 o l 5  
17 0 ,9359  0 ,9112  100701 0 .0009  
19 1 ,2710  0 ,9193  1,O433 0,00~3 
19 1.5773 0.9335 1002)1 0.Or,12 
20 2.751H O.q~51 l . ono8  o.n~14 
21 3.8467 0.9H68 0.y989 o.nu09 
22 4 .3967 0 .9~73 ! , 0003  0 . n o o J  
23 4,5514 0.9993 1.0001 0.0001 
24 4.5534 1.0oo2 l . , ) (Jnl  0.OOOl 
25 4 .5470  1 .0000 I,OOOO 0.o0o1 
26 4 ,5440  1.0o07 1 .00o2 0 .0002  

• 27 4.5399 0 . 9 9 9 6 .  009998 000001 
20 4.5367 1,0002 0.9999 0.0001 
29 4.5333 1.O002 009996 0.0002 
30 4,5308 1.0o02 0.9997 0.0001 
31 405309 1.0000 0,9998 000001 

K• 00250E-01 

K TGAG TR(C 

0.0244 79,1 15.6 
O,254A AO,? 15,O 
0.019N 0002 JS.b 
O01705 81.6 15.0 

-0.1031 7902 15,b 
0,3Y99 78.3 15oo 
0,0121 72.8 15.6  

- O , u I I 9  69 .6  19,b 
00.0975 62 .0  IY.b 

0.0257 58.8 19o5 
0,o|102 52.6 19,5 
0.0295 44,7 19.b 
O.0176 )9 .6  | 9 , b  
0,02~2 31.0 l b , o  
0.0~bS 28.1 I b . o  
0.0187 23.0 l b , ~  
0 ,0206  18,4 15,O 
0 ,0186  14.6 I b , o  
0 , o 2 0 4  Z ! . 6  16 .O 
0,0189 6 ,9  I 9 . b  
000142 S.O 19,5 
0 . 0 1 5 7  4 . 4  | 9 . b  
0 , u i 1 1  4 ,3  IY,b 
0,0119 4,3 l q , b  
0.Ou0l  4.3 19,b  

-n ,O06S 4 .3  19 .b  
-0 .0G26 4.3 190S 

0,0119 4,3 J ,9  
0.1~48 4 ,3  3.9 
0,0227 ' 4o3 J .9  
0 ,0624  4 ,3  3 ,9  

DATE COMPUTED lJoOr.T-03 
DATE RECORDED 2 ° -83  
TZME RKCORDLD 78Z.650 
TIME CU~PUTED 09138 
PROJECT NO V B-2S 

SHARP T-OEG CONE (RE n 0 . 0 0 1 5  INe)  
XSTA • 14.50 ZH 
TRIP • NO TRIP 

RUH NUMBKR | 0 2 9  



~RYXN/CALSP3'%rIELD SERVICESe IRCe 
AEOC D]VISI 
VON KARNAK G ~  DYNAMICS FACILITY 
ARNOLD AIR FORCE STATIONe TENNESSEE 
AEDCIDOT BOUNDARY LAYER TRIP 

DATE COMPUTED .6-0CT-03 
TIWE COPPUTED ! |45S12 
DATE RECORDED .-SEP-~3 
T~wE RECORDED 1150124 
PROJECT NUMBER V A'2B 

NUN 1003 
M = 0 , 0 0  

AhPHA 5ECTORa 0,01DEG. 
X(ll)Eb ROLL: -0001 DES, 

DATA TYPEs SURFACE HEAT TRANSFER 

GAGE NO S THETA OOOT 
(IN) (PEG) BTtIIFT2-SEC 

| 38.790 lP0,OOO 0,696 
2 30.290 1~0,OOO 0.596 
3 37.590 1~0.000 0,767 
4 36.290 1800000 0.736 
S 35.290 leo.~o0 0.821 
6 34029~ 180.000 00698 
7 33.290 180,000 0.765 
8 32,230 IPO,U00 00649 
9 310230 IBU,OOO 0,HIq 

10 290930 180,oO0 0,R20 
| I  2902J0 1~0,000 0.722 
12 28.230 IW0,UO0 00731 
13 27,230 18o,ono 0.672 
14 26.P30 lBu,O00 00~47 
15 250730 180,000 0.647 
16 24,230 1800000 0,511 
17 23,230 JBO,U00 00554 
20 20,140 1800000 0,504 
21 !q,140 1P00000 00513 
23 170140 180,000 ~ 0.668 
24 16,140 18000"00 00738 
25 150140 1~00000" 00976 
26 . 140140 1800600 20251 
27 13,140 1~00000 3,720 
28 12.140 1000000 10163 
29 100840 IR0,000 0,436 
30 10,140 IB0,0OO 00647 
31 9,140 180,000 0,774 
32 0,140 100,000 00701 

TW 
DEG-R 

5h2.77 
56215 
56J ,48  
565,17 
566,o2 
562,63 
561,55 
559,59 
558,00 
559,27 
55870  
55R,A5 
558,42 
557,05 
55695  
555,82 
559,00 
551,64 
552033 
551,56 
553,32 
657,96 
569023 
b~q,lO 
552,64 
546,99 
543,48 
541,51 
547.49 

CONFIGURAT|OH 
7-DEG CONE 

ROSE RADZUSeZN 
SHARP 

H(TT) ST(TT) STC(TT) 
BTU/FT2*SEC-R 
8,999E-04 1.114K-03 1,381E-03 
7.693F;-04 9.S23F'-04 1,209E-03 
9.9176-04 1022bK003 10424E-0] 
9,534~-04 1,1OuE-O$ 1,286E-03 
1,064E-03 1,31bE-OJ 10329E-03 
9.013E-04 1.116E-03 1,294E-U3 
9.868K-f14 1,22~E-Oj I,3hAE-03 
I0092k:*03 1035~E-OJ 1,325L-03 
10051E-03 l .JnlF:-OJ I,275E-03 
1 .055e -03  I ,JOoE-OJ 10319E-03 
9.277~-04 10149E-0$ I0103E-03 
90402E-04 101~4~:-0J I0157E-03 
80640E-04 |,u?OE-(J~ I,07c)E-O3 
80300E-04 l .U?bE-0$ 90H73~-04 
8.29~F-04 J , u P 7 f - 0 J  9,44hE-04 
7,318E-04 90062E-04 80331~-04 
7.130~-04 U,UPUE-04 7,945E-O4 
6,423P'-04 7 .956[ -04  80433E-O4 
6.535E-04 U.094Eo04 7.J65E-04 
005O3F-04 I ,05JR-O]  1,O~2E003 
9,423~:-04 101~7~-03 I . IO9E-03 
10253K003 l ,b~ lE*O$ 1,753~-03 
2.919K-01 J.bIzE-O$ 30540E-03 
4.AShK-01 6,b09~00J 6012qE-03 
1,483E-03 10037~-O3 1,837E'03 
5,517~-04 b,U3bEo04 6,502E-04 
8,163E-04 1,011E-03 90306E-04 
9,731E-04 1,206E-03 1,073E-03 
8.885E-04 1,101E-03 1,156E003 

TRIP 
SINGLE ROB BALLS 0 , 2 5  

RUN 1003 
DEW P T .  I -40.OODEG r 
C . R .  • 0 . 0  IN 

PT • 294,34 
TT • !336 .7  DEG R 
P • 3,015E-02 PSIA 
RE = 1,293[+06 PER FT 
MU • 7.794E-08 LBFoGEC/FT2 

V u 3859,7 FT/S~C 
0 u ! . 351PSIA  
T I 96e9 IIEGR 
PT2 • 2,S0 PSIA 
RNO • 8,401E-04 LsM#rT3 

Sample 2, Surface Heat Transfer Data 



ARVINICALs~'N FIELD SEPVICRS,INCo 
AEOC OlVI :  £ 

VON KARHA~ ~)S OYNAMICS FACILITY 
ARNOLb AIR FORCE STATION. TEN~ 
AEDC HOUEDAkY LAYER 5TAOTLITY TEST 

RUN NUMGER 1014 PAGE ! 

i 

mODEL SI,Rf'AC£ HEA$uRERENT8 

TAP S TH~TA Py pwlp 
( i N )  (DEG) (P~ IA)  

1 39 .7o0  0 0 .1470  203074 
2 38,790  0 0 .1526  2 .4578 
3 J80290 0 001456 2 ,J440  
4 36 .290 0 0 ,1476  2 .3764 
5 34 .290  0 0.1466  2 .3610  
6 22,070 180 0 .1614  2,5993 
7 30 .230 0 001488 2.3~54 
8 290230 0 0,150H 7047H9 
9 26,230 0 0 .14q5 2.4c169 

|u  240730 0 0015o0 205128 
t l  ~2,23u 0 0 .15~2 2 ,5407 
12 200140 0 0 ,1476  2037b2 
13 17,140  0 0 ,1416 202799 
14 15.140 0 001402 204o~$ 
15 13.140 0 0 .1466  ?,J0114 
Ib 110140 0 0 .1454  203410 
17 90140 0 001396 2 ,2475 
Ik  H.I.IO 0 0.151G 204445 
19 L1.140 270 00151)7 2 ,4273 
20 ! 1 . 1 4 0  |80  0 ,1~23 ? . 6 1 3 7  
21 30.230 210 001542 2.4836 
22 30 .230  180 0 .1598  2.5728 
23 390~90 270" 001480 2.3827 
24 390790 180 001546 204897 

PP • 

DATE CUHPUTED 1 2 - ~ r T . 8 3  
DATE R~COEDED 2-  -83  
TI~E HECO~OEO 3 | ~ . ~  2 
TIME COMPUTED 08 |32  
PPOJECT NO Y E-28 

8HARP 7-DEG CONE (RN • 000015 I N , )  
XSTA • O,00 IN 
TRIP • NO TRIP 

T/C S THETA TW TH/TT 
1 1 , )  (OEG) (O~G R) 

1 38 .790 IHO 756 .3  00559 
2 38 .290  180 770 .9  0 .570  
3 37,~Y0 IUO 703 .7  0 .679  
4 36.~90 I80  79606 0 ,589  
5 350Z90 Juo 7Y306 0 .587  
0 34 .~90  IUO 768 .o  0 .583  
7 330290 IUO 7710o 0 .570  
U 320230 180 702,8  0 .504  
Y 31 .230  1U0 776 ,3  00574 

10 290930 iBO 8U505 00595 
11 29 ,230  180 8U~,B 0 .595  
12 ?R.230 l e o  818.0  00605 
13 2702)0 180. 8z209 00608 
14 26 ,230  I80  8~402 0 ,609  
15 25.~30 IH0 8k4 ,6  00010 
10 240230 IWO 8~0.9  0 .607  
17 230230 1~0 806 .0  0.596  

19 210140 IUO 53708 O.)?d 

2u 20 .140  ld0 "280871 ,8  - 2 0 7 . 0 4 7  
21 190140 1UO 744.1  00550 
22 18,140 IUO 5J8 ,6  00398 
23 17,140 I80 7d501 00530 
24 1b,140 180 71609 00530 
20 1b,140 IUO "280817 .8  n20700~7 
20 140141) IUO 7U808 0 .524  
27 130140 I e0  70104 00519 
2e 120140 IU0 707.4  0052J 
29 10,840 180 707 .4  0 .623  
J0 " 10.140 I~o 712 .0  0 .527  
31 9 ,140  IU0 71407 0,528 
3~ 80140 1~0 7 1 J , 3  0 .527  

I 

PHI • 0 .0  0EG 
H : 8°0000 

A~PHA a Oo0 DEG 
DEw • -51o  " 

PT • 606 .3  PSZA TDRK = 553 ,7  DEG R 
TT • 1352.7  DEG R 

P = O.Ob2Z PSZA 
RE • 0 . 2 1 q K 4 0 6  PLH I N  

PT2 • 5 .146  P~|A 

Sample 3. Model Surface Measur~nent-s-iOa~a Type 2) 



ARVZNICA~SP"~, r |EbD S~RVZCESwZNC, 
AEDC UTVZ$ 
YON KAR~A~'~A$ DYNAM|:S F A C I ~ I T y  
~RHOLD AI~ FURCE STATION e TK~N 
AEDC BOUHDARY LAYEk STABILITY TEST 

RUN NUMdER 1014 "PACE 2 

NOOEb SURFACE MEASUREMENTS 

PREGTOH TUBE PPPES RT MY PTP 
NO 

1 0 . 4 0 8  1 3 o  0 o 1 5 9  2 k 0 5 5  
2 0 .760  15.  0 .192  34 .22  

f - -  
• ,. ., 

DATE COMPUTED 1 2 - D ~ - 8 3  
DATE RECORDED 2o! ~3 
TXME RECORUED 3:466 2 
TIME COHPUTED 08132 
PROJECT NO V B-ZS 

SHARP T-DEG CONE (RN m OeOO15 I N . )  
XSTA • 0 . 0 0  IN 
T R Z P •  NO T R I P  

G TAU~ CFX 

892 ,8  0 .7401 1085E-03 
1 3 0 2 . 7  1 0 0 7 D t "  2 . 6 9 E - 0 3  

Sample 3. Concluded ~, 



} 

I .  BUN NUMBER 
J 
[ 
]. 
~t RU~/O01 
I "  DATA TYPE! 

POINT 
! 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

ARVIMICAbSPA)~rXE~D 8ERVZCESeIMC. 
A£OC DZVI$I( ~ " 
YON KARNAN G ~  O~NA~ZCs FACILZTY. 
ARHoGo AIR FO~C~ STATION# TE~N 
AEDC BOUNDARY LAYER 8~AU|~ITY TEST 

1001 PAGE 1 

6eTOTAie TEqP~RATIIRE CAbZBRATXON 

H PT(P$1A) TT(R) RE 
8000 416.02 1350.67 1.799E*O6 
8.OO 413.94 1350.~7 1.790~t06 
8.00 400,20 135o.b? 1.731E~06 
8.00 399,10 135tl.67 ! ,72b~4u6 
8.00 352,2~ 1349.67 1.525£÷o6 
8,00 35u.54 1349,67 1.5186tu6 
8000 302.96 1349,o7 1.312~*U6 
8000 JOIob7 1349.67 1.3066~06 
8,00 251089 134~,o7 l.Oq2~+O~ 
8000 25D.79 1348.67 ! . 0 8 1 ~ 0 6  
8000 202005 1345,67 8.787Et~15 
8,00 200,03 1345.b7 ¢07546+05 
8.00 152.09 ] 3 4 t . 6 7  6.622g,D5 
8,00 151030 134J.o7 60594~t0 S 
8,00 101,21 1337.67 4,441E~05 
8,00 100,84 1337067 4 , 4 2 5 ~ 0 5  

DATE COMPUTED I~-OCT-83 
DATE RECORDED 2 - 6 [  i 
?IHE RECORDED 11 5, J 
TINE COMPUTED 08|30 
PROJECT NO V B-2S 

SHARP 7-DE~ CONE (RN • 0,0015 IN, )  
XSTA • 0,00 IN 
TRIP n NO TRIP 

PP ~:-; Rb TTIU TTUT/TT ETA RETOI~,5 
2,1254 ." 8,9419 1247,5589 0,9237 009177 9,011E+00 
~,2394 ~.. .  8,uJJO 1~4bo2Rb2 0,9242 0,9183 8,980h400 
2,N!05 : - ' ' -  - 8.3421 1~5u,0524 0,9255 0.9197 8.818E400 
2 .R3]q  ~ . . ~  8,32z0 !~5U.2b82 0,9257 0,9199 0,826K÷00 
2,7012 C.. 8.1~19 Iz5u,7796 009267 0,9210 8,295£~00 
2.6961 : .  • 8.1766 1~51.2471 0.9271 0.9214 8.2756+00 
2,3220 " . .~  8,18~9 123~,b840 0,92~1 009225 7,b93E~0U 
2,1253 ' . .  8.1726 125z,7Jo0 0,92W2 0,9226 7,bTbKtOU 
! ,9589 . , .  8,15b~ 12SJoJ245 0,9293 0,9238 7,017E'~00 
1,9J81 8,16uq 125J.4Hu3 0,9294 0,92$9 70002E,00 
1,6UJ$ . " . , . .  8,1226 !~52,02~4 0,9310 0,9256 b,293K+O0 
105~95 C ~.. U,12bO 125~,0224 009310 009256 b , 2 7 4 ~ 0 0  
10192t) . . .  80142~ t~b2,b494 0,9J16 0,9262 b,462EtUO 
Io1060 . . -  8o14~3 I~b~,b2U2 0,9J22 0,9269 5,450E~00 
0,7947 801392 125~o1143 . 0 , g J s I  0,9300 4,469Et00 
007775 r .  8,1721 1258,7277 0,9350 0,9299 40461E900 

, " "  . .  

Sample 4. Total Temperature Probe Calfbratlon (Data Type 6) 


